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stands awed by the wonderful accomplishments of

.engineering. Its canals, its railroads, its bridges are
monuments to success. Monuments to a thousand and one
men,—specialists who have added their “mite”—performed
their duty. .

GVERY little while the world, for a fleeting moment,

Manufacturers of surveying instruments, in their way, share
in the final reckoning, too. And indeed their part is no
small one. Men live and die, perfecting with infinite care the
hair-breadth adjustments of these instruments — spending
hours to check the ten-thousandth part of an inch—developing
machines of unimaginable accuracy to attain such perfection.

And so for nearly fifty years, during which time instrument
nakers have come and gone, Heller & Brightly have lived up
to an ideal—a pride in accuracy and design, well established
by the faithful ones who have gone before, well upheld by
thase who have inherited this legacy.

On such principles H. & B. instruments are built—on such
principles their success has been and is, we believe, assured.

Heller & Brightly
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‘We are often appliéd to by Engineers respecting the methods to be
employed in testing the accuracy of the various parts of Engineers’ In-
struments, the errors to which they are liable, and the means of correc-
tion. These queries are, however, mostly from those just commencing
practice, their elder brethren, as a general rule, knowing how to make
an instrument “prove itself.”

In the following articles we have endeavored to comply with these’
requests. It would surprise those who think “one instrument as good
as another” to be informed that in perhaps no other branch of mechan-
ism are palpable “errors of omission and commission” more common
than in ours—surveys extending over months ot time have been ren-
dered almost useless from “instrumental error,” and a considerable por-
tion of the business of our courts of law is caused directly and indirectly
by imperfections of instruments.

The recent case of the City of Burlington, N. J., is in point. Here
the courts were so frequently annoyed by land suits from defective sur-
veys that the Legislature of the State was compelled to pass a law that
an entire re-survey, by a competent person and first-class instruments,
should be made. A law requiring every instrument to be tested and
proved by a competent person (not necessarily a manufacturer) would
have a tendency to weed out instruments which, like “Peter Pindar’s”
razors, are' made, “not to use, but to sell.”

W¢ will not stop to speak of the ordinary adjustments of instru-
ments, as they are found in every elementary work pertaining to Civil
Engineering—if a knowledge of these, however, be required, “Traut-
wine's Engineers’ Pocket-book” will give them in detail. We will men-

tion in their order, the Transit, Level, Telescope, Compass, and Solar
Compass.

The Transit.

A first-class Transit Instrument should possess the following
qualities :

1. Graduations. These should all be on silver plate, instead of
on the plain brass, silver-washed, as is usual. All astronomical instru-
ments are done in this way, as a smoother, truer graduation can be had.
The divisions of the horizontal limb should be truly graduated and
centred, . e., the graduations should be precisely the same distance from
each other—the centre of the graduations and the centre of revolution
should be precisely at the same point.
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2. Verniers. The instrument should always have two opposite
verniers to the horizontal limb, and these verniers should be equally
spaced. In astronomical instruments more than two verniers are abso-
lutely necessary, but we are now speaking of Engineering Instruments.
The openings and windows in the upper plate for reading the verniers
of the horizontal limb should be as wide as possible, to admit light
freely upon the verniers and plate, thus facilitating an accurate reading
(this single point as a general rule being overlooked).

TRANSIT, g\

9. Telescope. The telescope should be balanced in i i
length is made from 10 to 12 inches, to allow of itg :'2vlet|§si::1x 'sin Ett:
standards, both at eye and object ends; it should have powerinou h
to set an ordinary flagpole at 1000 feet; its object glass slide shougld
move m.and out in a‘perfectly straight line, in order that the line of
colhmapon, when agl;usted for a long distance, shall be correct for
short distances. This precaution does not always receive the attention

it should, and young Engineers are frequently-at a loss-to-account—for————
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3. Level Tubes. The interior of the glass level tubes should be
ground, in order that their bubbles may act correctly. Very cheap bub-
bles are made by bending a cylindrical glass tube.

4. Needle. The needle should be sensitive enough to coincide with
the verniers of the horizontal limb without disagreeing more than 3.

5. Centres. The centre upon which the vernier plate turns, and
the common centre upon which the entire instrument revolves (we are
now having one of the best class of Transits under consideration—i. e.,
one with long compound centres), should be'concentric with each other,
and the levels, if adjusted to one centre, should reverse upon either one
at will. Both of the centres should be always covered, and not detachable
from the main plates. The plates and centres should move smoothly in
all temperatures. The spindle of a turning lathe can never be made
precisely round, and of course any article turned in a lathe can only be
as true as its spindle. Any work that is required to be precisely round
and true, such as the journals of the axes of an Astronomical Transit or
its centres, is turned on a lathe in which the spindle remains stationary,
and the work revolves between centres. In order to insure actual truth
of the centres of all of our instruments they are made by this method
(termed turning between “dead centres”), although it has heretofore
only been used for astronomers’ instruments.

6. Tripod. The tripod and tripod head should be firm and steady,
the centre of gravity of the instrument should be brought as near to the
tripod head as possible, and the instrument should not be top-heavy.
The tripod should be furnished with an adjustable tripod head for pre-
cise centring of the instrument. The adjustable tripod head is intended
for precisely centering the instrument, after approximately setting by
the legs in the following manner: First set the instrument approxi-
mately by the legs to within an inch or less, loosen two of the leveling
screws, then move the entire instrument until the plummet is precisely

centred. While placing the instrument level by means of the leveling
screws it is again clamped.
' 7. Leveling Screws. The leveling screws should have deep

threads, good milled finger-heads, and be well fitted,to their nuts. The
tangent screws should move smoothly and have no “back lash.”

8. Vertical Arc. The vertical arc or circle (if one is used) should
have a diameter of not less than 434 inches, to allow single minutes (at
least) to be read easily.

discrepancies in their observations which are due to this cause. The

slide of the object glass should be long enough
object five feet from the instrument. g enough to be able to focus an

10. Adjustments.” The adjustments of the telescope di
of the whole instrument) should be as few as possible,pevg};r1 p;:t f::i:-t-

- mitting of it to be made as permanent as practicable. One end of the

axis of the telescope should be adjustable, so as to make the “li
collimation” revolve truly in a vertical i)lane; and thies :gjuls‘tr:ﬁegf
should be provided with a jam nut, in order to fasten it securely after
adjustment. Remember also that the necessarily experienced frequent
adjustment of an instrument, more especially of the cross wires, is due
not so much to use as to the common error of supposing that the’tighter
screws are forced, the firmer and more lasting will be the adjustment,
On the contrary, something must be strained, and every change of tem-~
perature is then more liable to alter the adjustment.” The adjusting
levers should be rather short than otherwise (say about 174 inches)—
inasmuch as by using a long one too much force may be inadvertently
applied, and thus either snap a screw or overstrain some more delicate
part of‘ the: instrument ; in fact, a brass wire would perhaps make the
best ad justing pin, as it would bend if undue pressure were applied. The
mechanical construction should be so arranged that all the parts. shall
as far as possible brace each other.

Defects. Having mentioned the traits a good transi

sess, we will pass in review some of the more %ommon d::tfestgg?l:ngoisn
this connection will take the opportunity of remarking that all the de-
fects we will enumerate are matters of almost every-day observation in
establishments that have a large amount of outside repairing to do. As
the Telescqps has been termed “the brain; and the graduations the soul
of a Transit,”we will first take imperfect graduation, as this is the most
serious and damaging imperfection, and one of the most difficult to
avoid in practice, as any of the following causes may defeat it during
the process of construction. This may be due to an imperfect grad-
uating engine, defective centering, or an unstable cutting arrangement:
and, eirgn if all these be correct, in the very act of graduating, the platé
:::ty ls nfft on the engine, from change of temperature; or the clamps,
" al of the plate, or engine, may expand unequally from the same
ause. In fact, the manufacturer, with all the care he may take, is not
sure himself Whether the process of graduating a plate has pro'ceeded
correctly until the graduations themselves are proved by means of its

* own opposite verniers, and until “testing reversions,” for the purpose

of proving the centre and graduations, have been taken on all parts of
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the circle. The “fertile principle of reversion” and its peculiar merit of
“doubling the real error, thus making it twice as easy to perceive” here,
as in every other adjustment of the instrument, makes each part prove
itself. 1t was mentioned among the points of a good transit that the
horizontal limb should have two opposite verniers. Without these even
the manufacturer himself cannot (as explained above) be sure of the
accuracy of his graduations ; however, by taking a mean of two opposite

rea’dingr,revcrsingmnd‘repeating,—an—accurate—angle-can—be-talcen-even_
though there be an imperfect graduation.

Personal errors. One very rare cause of observation may be men-
tioned in speaking of the reading and testing of graduations. We refer
to those persons who, probably from some defect of the humors of the
eye (not from advancing age), are unable to read a vernier correctly.

xtreme cases of this “personal aberration” are fortunately rarely met
with ; the ‘writer in fifteen years’ intercourse with hundreds of Engineers
has only met with two; in both of these, if a reading was taken and
noted by them, the vernier might be shifted two minutes to the right or
left, and these partics could perceive no change in the reading,—and in
their field operations close readings of graduations had to be taken by
assistants. We do not here refer to the “difference of reading” of two
persons, which under the term of “personal equation” is calculated and
allowed for in refined astronomical observations. To show that this
“personal equation” is inborn and not the result of inexperience, we
may mention the cases of the two celebrated astronomical observers
Beasel and Struve, between whom at one period of their lives amounted
to .8 of a second, and a-later period to a full second.

Use of one or both verniers. It the Engineer is satisfied that his
graduations are correct, he need read but one of his verniers, rendering
the window of the opposite one opaque (to prevent mistake by reading
the wrong vernier) by dulling it with oil, or pasting a wafer on it. It
is a good method, where two verniers are used, to have some mode of
designating them apart; our own mode is to engrave the letter A upon
one, B upon the other. The numbering of the degrees may be done in

several ways; our own method is to place on both the horizontal limb |

and needle ring two rows, one behind the other, and each row of a dif;
ferent sized figure, to prevent mistakes; one row in quadrarnts (0° to 9o
each way), and the other a continuous one or from 0° to 360°.

Transit with one vernier. What are known in the trade as Sur-
veyors’ Transits (a form which we never make), and sold cheaper than
the regular Engineers’ instruments, have but one vernier. The centres,
etc., of this class of instrument are not of a construction to admit of,
or made as a general rule accurate enough to allow of double verniers,
and of course great accuracy cannot be attained with such instruments.
Those who purchase an instrument will find it the best policy to procure

one accurate enough for the best work they may ever be called upon to

do, but only to work up.to the full accuracy of their instrument when
the character of the work may require it. As to the amount of error of
graduation found in the ordinary run of instruments, it ranges from on¢

b
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to five minutes ;* some exceptional cases going even beyond this; but
these latter were evidently caused by some disarrangement of the g"rad-
uating engine, and could not have been overlooked had the instruments
had opposite verniers. As a minute of arc causes an error of over 18
inches in a distance of a mile, in no case should the error of graduation
be allowed to reach a minute. It is best in reading the graduations to
hold the magnifier as near parallel over the graduations as possible,

move; if they do, parallax is the cause; raise or lower the magnifier
until no movement is seen. It is best not to use a magnifier with too
high a power; one from two to three inches focal length is sufficientl

powerful for general use. d

_ Spacing of the verniers. This should be exact—that is, in a
minute vernier (reading a half degree plate) they.should be précisely
2y apart. One common error in verniers is that the lines are not spaced
€qual, i. ¢, some are 28 30", others 28’ 45" apart. One of the easiest
methods to prove their freedom from this defect is by setting the half-
way line (15 ) to cut a line on the horizontal limb; then the other three
15" marks must cut—presuming that the verniers are double, and op-
posite, properly adjusted, and the horizontal limb is truly graduated.
Gur own practice in adjusting Transits is to test our horizontal limb
with pou’-’erful microscopes, by opposite readings and “repeating re-
versions” on every part of the circle. :

Travelling. It also serves to keep the instrument in i
the tripod head, with its levelling scrgws, can be detachelzlet:fla o;::l:eg
away with the instrument proper. In travelling, the tripod should have
a cap to its head, and a ring or strap to confine the legs. The adjust-
ments will keep better if four india-rubber washers are screwed at the
corners of the b.ottom of the box, as these washers often absorb shocks
and prevent their reaching the instrument with so much force. A com-
nlton error is to place leather washers under the levelling-screws. This
.;cnpnld never be done, especidlly on a Levelling instrument, the leather

ing affected both by the weather and by the pressure of the ends of

* the screws. It is almost impossible for an instrument with such leathers

to retain precisely the same line of sight even for a few moments.

ot bl\:e(t:::rused. The brass of which the instrument is made should
hot be or inary yellow brass, for several reasons—first, because the
bras it comes from the melting-pot is too soft for use, and requires
o )cl condensed with a hammer ; and this hammering can never be so
:(lll“ld ly done but that some parts will be more condensed than others,
ad" y sl:::ft]t:al expansion and contraction, and hence derangements of
x '{c whiccnl at every qhange of temperature, are the results; second, the
£ 115 a prominent part of the alloy of yellow brass will in time
v mere atmospheric exposure change the texture of the metal, so as to

® Much dissatisfaction with
anslat 1 these instruments (Engincers' T ased
slatants ; their objections were these,—first, an e(ocerftrllglety orr?t':::)‘:n e‘:ﬂ:ne :P" duo:)onu;el

two minutes, more ta
*he harieontal il r:bs, I:ELY _ﬁ‘;ﬁf_ﬁrggﬁn&ﬁ was frequently found in the reading of the vernicrs of

Wer N uscof Rep..

Report of Chiel of Euglaeers, U. 8. A., to the Sec. of

move-the—head-slightly-and-notice-whether—the-graduations—seemto——————
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make it lose a certain percentage of its cohesion. Lockmakers and
those who use thin brass of this kind for springs well know that if itis
exposed to the weather for some time it loses its cohesion, and breaks
at the slightest pressure like pie-crust—in their phrase becomes “rot-
ten.” Of course this is almost an imperceptible change, but some un-
accountable variations of the adjustments of instruments (the heavier,

___themore liable) can only be explained on this hypothesis. The proper

metal for instruments is an alloy with little or no-zinc;and-in-density

%
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tral telescope used as usual. This top telescope is adjusted so as to be

parallel with the central one. It is also so arranged that the lo
and vertical circle of the centre telescope can be used by the sider:)gn;?vc'

Illumination. As the proper reading of the ions i

e 1 graduations is one of
the greatest troubles the Mining Engineer has to encounter, we have
dc\/nscd two articles to facilitate it. One is a small reflector that weighs
115 ounces. It is metallic, in shape the quadrant of a cylinder, and it

at least as close as the best hammered brass ; hard “hell-metal” being the
best.

A variation plate is also sometimes added to the ordinary transit §

in the manner of the variation plate of the ordinary Surveyors’ Com-
pass, and for the same purpose. "'his adds, however, to the weight of
the instrument. Any contrivance for taking sights at a right angle to
the telescope will be found useful for offsetting. We always add one
to our complete transits.

The ordinary Plummets that are uséd with the transit to centre it
over a stake or point will also require examination, inasmuch as some

of these, from cavities in their interior (from defective casting), al-
though apparently solid on the outside, will not hang plumb; and in

nice operations may be an unsuspected cause of error. The best method
of testing these is while holding the string of the plummet in the hand,

to twist the string somewhat, and while the string is untwisting, to |

lower the point of the plummet into a basin of water; if the weight is
not truly distributed, and consequently the plummet not true, the ec
centric motion of the steel point will scatter the water.

As the defects of the telescope will be treated under that head, and {
those of the magnetic needle under “Surveyor’s Compass,” the reader is §

referred to those articles. :

We here close the “errors of workmanship” of the transit instru-
ment ; as to the defects of the plan of their construction, and the methods
devised for their remedy, the reader will find this subject treated in de-
tail in the paper from the American Philosophical Journal, and the ex-
haustive report of the Committee of Civil Engineers, a little further on.

Mining Transit.

A full description of our new "Pransit, intended for mining pur-
poses, will be found in Prof. R. W. Raymond’s paper further on. Since
that paper has been written we have made several changes which render

_them more complete for the purposes intended. Instead of a prism 0 ;
the eye-piece, an extra telescope is placed on the top of the axis of the |

regular telescope. This top telescope swings clear of the plates, 2
allows a vertical sight to be taken directly up or down a shaft; or an¥

angle of elevation or depression to be taken too steep for th.e centra' |
telescope to measure. This telescope makes the instrument similar 10

the “eccentric or German Mining Transit,” with this advantage ov¢f

that form—that when a stecp slope is not required to be measure it

can be removed in a moment and packed away in the box, and the ce

W‘.:—:;
v
A=

has a base or support which doubles up with the ¢ylinder whem mot inm—————
use. It is placed just behind the vernier opening, and the light is re-
flected down upon the vernier, thus avoiding the soiling of the instru-
ment with grease and smut, which occurs when holding the light over
it, and the reflector can be removed when not in use. The other is a
small attachment to the transit tripod for placing a lamp on; this con-
sists of a small table, on which by a “Cugnot’s joint” and double centre

_arrangement a lamp can be placed in any position or angle that may be
necessary.  This arrangement is strong, compact and effective, only
wcngln'ng 24 ounces, and can be packed away in the transit box.

. We also make a lamp weighing about 5 ounces, which is more com-
pact than the one ordinarily used; it is crescent shaped on the interior
to fit the curve of the observer’s hat, and a simple arrangement secures

it there. It can be quickly detached and i :
the table above mentione d:‘/ and used either in the hand or on

Copper should always be the material of the Minin i d
lamp, and this copper should be tested as to its freedom frngﬁg:;z::i:
attraction. We now furnish with our Plummet Lamps cases large
Em&“gm' czlnclose a pair; a strap on the outside of this case allows it
o be ¢ rried over the shoulder. The ordinary coal-oil such as is used’
' nx,ms is used; the wick to be adjusted for use so that the flame is
about 1%4 inches high. These last three (i. e, the Reflector for the
Ero;s-l\gltes, ghe Reflector for the graduations, and the Table) are also

u us:‘u in (;akmg. astronomical observations with the ordinary Transit,
1 as, determining the magnetic variation, the true meridian, etc. '

Tunnel Transit.

The long tunnels whi i
ch have been built of late years,
r‘;n:zc:r)::tgéhaerg et£::1 (:larfe contem{).latled or in the course gf con’stitt‘xgtig:le,
: or an entirely new class of Transi i
called Tunnel Transits. The i moare
. se heretofore have been nothing m
la‘:?l': lll:ieg :‘)a; :g‘?g;exigea?lfo‘ :'n o:f'dtilr:ary Levelling Instrument, withgstm?:le-
prds w of the reversing of the Telescope i
;;::\l:‘l;:'llge ::‘:scl::flle tt‘:aet%tad:]‘:aafrytlrifn? Lev%l Telescope. Om? a’ttgllzil;:
ects of this mode of construction
«ll:.;\ a”:l“:n(::?l t"I“at possesses all the accuracy of the Astronomical "‘fer;:a?{f
2 Tunr <;il° ransit, the principal adjustment being that of making the
e innmgt.lon_ revolve in a truly vertical plane, the same means
onlnved Ta;‘ )ustcnlng and testing the Astronomical Transit are also
e a T fl s?, s of the axis of the Telescope are cylindrical and
a s, to allow of its being taken out and reversed end
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3
for end. A sensitive striding level is attached io the axis at righ close work, but it would not be close enough for your friend (Mr
angles to the line of sight. Morris). 1f any one should close on his bench with an error so small
The Telescope should be as powerful as possible, as very long } as he would expect (1-10 in 100 miles), I would say it was simply an
sights are nccessary in this class of work. ; accident, and the several errors (rod errors and distance errors) had
in the aggregate balanced each other, and led him to suppose himself an
Leveling Instrument. ; expert.”’ '

! i A third thinks that Mr. Morris’ i
e fratclase- Leveling Tostrument-houki-possess-the-folwig | e lvchg v Ght vead 111000 of - fot o o redcose enongl———

qualities: X and that for his own use he has had a rod divided so as to read by ver-

(1). The Telescope should be powerful enough to read the faceof } nier to 1-10000 of a foot,—but as the Leveling Instrument of this last
a leveling rod direct (i. e., without the aid of a target) at a distance of : cxpert, which he declared was in perfect order and adjustment, was
at least 800 feet. : ‘uu;ul. m'l_trial.b'y us, to be out of adjusl»tment 3-10 of a foot in 300 feet,

. . ) ok thaps his opinion may not carry muc ight.

(2). The object slide of the Telescope (like that of the Transit) | a 'l! he resu!l)t of four);eries of t)ésr{. levlel‘:ei:)gFtrance of from 45 to 140
should slide in and out in a perfectly straight line, so that the “lineof | nules, averaged a difference of 1-10 of a foot in’ miles 45 d tﬁ
collimation,” when in adjustment for a long distance, shall be correct for } . pcreatest errar was 1-3 of a foot in 56 miles; another s‘gies of t a:m ! le
a short one. The tests for proving the optical performance of the Tele- in Scotland of two sets. of levels of 26 miles: was 0.02 of a footes l\fa‘t’tehf
scope will be treated under the head of Telescope. ematical analysis shows that for the same grade of work thr(.)ughout.

| 3. Level Tube. The interior of the glass level tube should be + - the error should be expected to accumulate as the square-root of the

ground to a regular curve, so as to secure both accuracy and sensitive- distance increases. The limiting error permitted on high grade levélling
ness in the bubble; if the bubble, instead of being cylindrical in bore, ; work on various government surveys is as follows:

should be slightly funnel-shaped (which is very apt to be the case with-
out great care), it will be quite impossible to either adjust or level with

S

accuracy. This serious but common defect is no doubt the unsuspected Permissibleerrorin
cause of much inaccurate leveling. Formula (or its equivalent)
4. Tripod. The tripod and head should be very firm, and the c’ls}? R 10 miles | 100 mllee
tre of gravity of the level as near to the tripod head as possible. The » e A i
centre of the instrument should be long, firm and well fitted to its r";‘:"m' Burvey E~0.029 ¥/(distance tu miles) 0.092 foot | 0.29 foot
socket, and not detachable from the instrument proper. » K- Geol. urvey E~0.06 ¥{dlstance In miles) 0.158 foot | 0.50 foot
R . R I 020 {{dGn e 1o miies) 0.063 foo
5. Adjusting the Telescope in the Wyes. Inasmuch as it is dif- (. Mew York Btate Burvey E~0.020¥(distance in milcs) - ¢ 0.20 fook
i ficult, on steep sideling ground, for either the rodman or leveller to o E~-0.016 ¥(dlstance in miles) 1 foot | 018 foob
‘ know whether the rod is held vertical, we always place marks on the §
collar of the Telescope and inside of the Y’s; by observing if !:hese are . N
in contact, the leveller will be certain that when his instrument is leveled 7. Errors in Leveling. If the instrument is a good one, and in
his vertical hair is truly vertical, and this enables him to keep the rod perfect adjustment, and used by a competent person, the only two
‘ vertical, unless the rodman has a plummet or some contrivance similar causes of error in leveling that can occur (except by carelessness) are
: to our “rod level.” from what are called “rod errors” and “distance errors”—the “rod

| }  crror” being caused by the assistant not holding the rod preci
1 3 3 I3 1 ¢ r 3 . 1 Cls | .
I 6. Limit of Error in Leveling. We were much struck, in our cor: tical.—the “distance error” by the curvature ofg the earthpaffecteizgv:l:e

respondence with Mr. Morris and others, to learn what a diversity of result, wh Wl ot ot

i , opilt)lion existed even among experts as to what could be called “close } en the “back” and “fore” sights are of very unequal length.

) feveling,”—Mr. Morris in one of his letters asserting, “I have long ago 8. Rod Level. To counteract as much as possible these two canses
made up my mind that no man can be considered a ‘proficient leveller b of error, we have devised for the firsc a “rod level”—this “rod-level” is
who cannot run a line of levels in a circuit of 100 miles without differ- also intended for setting transit “flag-poles” vertical, as well as “level-

i i i - ’  lingrods.” It i ; .

ing more than one-tenth of a foot upon his closing bench mark..’ On K It is an ordinary disk-level attached to an L-shaped

mentioning this test of proficiency in leveling to another practical en- §. :;"':‘l!'.\ alllmb of the L, extending downward, and at al;isgl?tp:ngq::e‘i:i?li
14K

gineer, he retorts in this wise,—"I have just, with my new level that you | . By placing this limb against the side of th >
furnished me, run one line of levels about ten miles, and when I closed & and clasping it there, the rodmangais enabled to cl’cnov: :w?l(l‘le:rh?: gr:;ag
back on my bench to test my work found an error of 0.07 ft..—this¥ g,s vertica! .

- ; .
! N Ji




LEVEL.

9. Distance Wires. For the distance errors, we place on the “dia-
phragm,” or ring carrying the ordinary cross-wires, two extra hairs,—
see article on Stadia measurements. These we adjust so as to precisely
take in I foot of a rod placed at 100 feet distance from the instrument.
After taking the level reading, the space on the rod enclosed by these
hairs is also noted, and the rod sent in the opposite direction until the
hairs enclose the same space. For example, if the hairs inclose 3 §-10
feet on the rod, the rod is 350 feet away from the instrument. To avoid
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In some level telescopes, it will be observed, while turning the
telescope in the Y'’s, for the purpose of adjusting the cross-wires to the
“line of collimation,” that the object appears to move with the tele-
scope. The cause of this is that the object glass is not well centered
(1. e., the optical axis of the object glass does not lie in the same line
as the axis of the telescope tube) ; this is a serious defect that can only
be cured by substituting a new glass or tube, according to the precise
nature of the defect. This “error of centering” must not be confounded

taking the wrong hair in the “level sight” the “Stadia hairs” are placed
vertical, and the telescope after taking the level sight must be turned
quarter around in the Y’s to read them. These Stadia hairs will also
be found useful as a means of measuring distances quickly when “flying
levels” are taken.

In a recess on the inner edge of the “clips” that confine the tele-
scope in the Y’s, there is generally placed a piece of cork, or a spring to
bind the telescope. When this cork, etc., fails to bind, either a new piece
of cork must be substituted or paper placed between to clamp. We have
arranged our clips so that by slightly turning a milled head screw on
their top the cork is forced out sufficiently to again bind the telescope.

Defects. One form of Level (one which we never use) that is
liable to constantly lose its adjustments unless great care is used is that

in which the cone of the socket enclosing the centre fits into a recess in |

the tripod head. If any flying dust settles on this socket (which it is

almost impossible to avoid), it will cause it to stick so fast that to take
the instrument from off the tripod requires a sudden shock upward to |

release it from the recess; this shock of course cannot but be detri-
mental to the adjustments. The best plan, when this form of instrument
is used, is to be careful before setting the instrument on the tripod to
be sure that both the outside of the socket and its recess are scrupu-

lously clean; all the above causes of instrumental error in levelling are |

well known to those who make levelling a specialty, especially to the
“Canal Engineer.” The sudden death of the late Ellwood Morris, Esq.,
prevented the completion of a work for which he was peculiarly
adapted, and for which he had been accumulating material for many
years, on “Leveling and Leveling Instruments.” ~After serving as a
member of the Committee of Civil Engineers appointed by the Franklin
Institute to examine our “Improved Transit,” Mr. Morris entered into
a long correspondence with us in reference to the defects of the ordinary
Level, and the removal of them, in which he alluded to all the above
defects. In referring to the above-mentioned defect of the object slide
not moving in a straight line, he remarks: “One trouble I have fre-

quently had—in the aberration caused by moving the tubes for short §

and long sights. I once had a Level which I never could make agree
with itself in a transfer across a river, though I knew it was in good
adjustment at all points. . . . I have realized these defects from
long experience and much anxiety, but am not enough of a mechanic to
give the true remedies. . . . I have said that good work has been
done with modern Levels, defective as they are, but it has been with
a world of care and trouble on the part of Assistant Engineers, who are
very far from being stupid men.”

with-the-error-of-the-line-of-collimation-not-being-the same‘for-long

and short distances,” the first being caused by a “defective object glass,”
the second by a defective “object slide or tube.”

Telescopes.

Requisites. A good Telescope should possess power, definition
and light; and every part should be made with the greatest care, so as
to have as few adjustments as possible.

As to the method by which we have doubled the power of our

'l‘c!escopes without increasing their length, the reader is referred to the
articles on pages 62 and 63.

Comparisons. If two Telescopes are to be compared, as to their
power, definition and light, they should be placed sgfie l;y side, and
lovked through at the same time, in order that any atmospheric or local
influence should affect both equally. The best time for telescopic obser-
vations is not when the sun is shining, as is generally supposed; on the
contrary, a clear cloudy day, or when the sun is slightly obscured.
Recollect also that the best sight is always in a direction opposite to the
sun (i. e, sighting to the west in the morning, to the east in the after-
noon). A good background to the object will facilitate the view (the
sky is a very good one if it can be obtained) ; if none can be had
naturally, improvise one of some neutral tint behind the object. This
is specially needful in long ranges. An optician’s test, a watch dial,
should be used; the difference of magnifying power between the two
sll‘nslruments can be seen by the apparent size of the dial; and if in one
h¢:l¢:s¢:qpe the dial appears twice as large as in the other, this Telescope

as twice the magnifying power. In the telescope through which the
dial appears brightest, the light is most abundant ; and the sharpness of

outline of the ficures and mi . " A
definition. g nd minute lines will give a good test of the

Definition. If the face of the dial a ' i
. r ppears sharp black and white,
with o tinge of color, and the image as shgrp at the gdge as at th::vc:t:-

1 . A . .
croer :)el; tt:g. field of view, the chromatic and spherical aberrations are well

Light. To test the amount of li i
) ght passing through the Telescope,
'l)ct lhc:1 two Telescopes stand side by side until twilight comes on; tI;le
ne which will show objects the latest has practically the most light.

Adequate magnifyin i isite i
> ing power is the first requisite in a Telescope,
not only for viewing objects at a distance, but for the purpose of doi?'ug’

«Sh
.,,mm
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more accurate work at comparatively short distances, as the ease with §
which sights can be taken and judged adds to the facility of the field §

work. Besides the above tests, after precisely focussing an object, the

slightest pushing in or drawing out of the object glass (by means of its E:
point of distinct vision should render the E-
“for a Telescope that will admit of much §
tube without affecting sensibly the distinctness of

milled head pinion) from the
image confused and indistinct,
motion in the sliding

vision will ot define well-at-any point; for-its-object-glass-has-spherical—§-

aberration.”

Achromatism. The following test will show whether the glass is

" perfectly achromatic (or without color) : “focus on a bright object,
such as a star, etc. ; alternately push in and draw out the eye piece from
the point of distinct vision.
formed around the edge, and in the latter a light green (which is the

central color of the prismatic spectrum), the glass is achromatic, for B

these colors show that the extreme colors red and violet are corrected.”
The placing of diaphragms or stops withir the object slide or body
tube, so as practically to reduce the diameter of the object glass from
3 to %, is a common but reprehensible practice,

. diaphragms exclude light, so that operations cannot be continued to as
late an hour in the afternoon.

On examining the object glass head of our Telescopes, an index [

mark will be found across the cell of the glass and the head of the slide.
The object of this is, in case the object glass cell is ever taken out,
by seeing if these marks coincide when it is again screwed in, we may
know that it is at the same
by transportation.

Defective centring of the object glass,
piece, and crooked tubes are by no means uncommon.
fects, however, may be concealed (except
justments (in the manner of the
object glass.
Telescope are properly made and
the slides properly fitted, the
come in the centre of the field of view,
must be wrong in some part of the
ment only conceals the evil.

One error of judgment is also sometimes made,

the light from the object glass. Some
the eye cap to sight through, others a large one; they must recollect that
thtla size of this hole, as well as the size of the Telescope tube, is fixed by
rule.

The eye-cap hole should always have a slide to cover it. Both this
and the cap on the object glass should always be kept on when not in
use. ‘This is a point that is almost universally neglected ; the cap as a
general rule being lost within a few weeks’ time; but if it is recollected
that the fine polish of the object glass gives in a great measure the
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“gharpness and brilliancy to the object,—which if this polish is destroyed
is also in a measure destroyed—more attention would be bestowed on it. *
Any one who has looked through an old ship’s Telescope in which the
lish has been destroyed by constant wiping of the glasses may have
observed this.

Cleaning the object glass. If the object glass becomes dusty,
brush it off with a fine camel’s-hair brush, or a piece of soft, clean buck-

If in the former case a ring of purple is

inasmuch as such §

that |

place; or that the glass has not gotten loose

and of the lenses of the eye §
These last de- [

from experts) by screw ad- £
web diaphragm) of the eye piece and
If the glasses and tubes are true such adjustments are §-
unnecessary ; for if the object glass and the lenses of the eye piece of a -
mounted, the tubes perfectly straight, ¥
line of collimation (when adjusted) must §
and if it does not, something £
Telescope, and any means of adjust- [

and that is that the
bore of the Telescope tube itself is so small as to cut off considerable of [
Engineers prefer a small hole in

every rub. If the glasses become very dirty, wash them with alcohol.

Surveyor’s Compass.

. Requisites. In a good surveyor’s compass the slits of the sights
should be precisely in a line with the two zero lines of the ring, and
these sights should be at right angles to the main plate. It should be as
light as is consistent with strength and steadiness. The magnetic
needle is, however, the main. point, and any one of the following de-
fects will prevent its free working—bad steel, too great heat in forg-
ing, improper tempering or defective magnetism.

Making the Needle. We sometimes receive communications from
parties wishing to make magnetic needles,—the following will give
them the information sought for. :

The steel should be either of shear or the best cast steel, converted
from Swedish Dannemora iron (shear steel being the best, however).
If the needle is forged into shape, care should be taken not to overheat
it during that process. After filing and finishing into shape and length,
it is to be hardened and tempered, and it is this operation that is most
liable to be improperly performed, the needle being so thin that it is apt
to get too hot in places, and burnt steel never magnetizes properly.

Our own method is to heat a crucible of lead to a cherry red color,
and to heat the needle therein, and when it is to the proper heat plunge
it into water,—the beauty of this method being that, even though the
needle be allowed to remain a considerable time therein, it can never
attain a greater heat than the lead itself has.

. After hardening, the needle should be tempered. A good rule for

the degree of hardness to which the steel is to be reduced is this: when

. the length exceeds thirty times the thickness, temper to dark red, or
red blue; when the length is less than this, leave them untempered.

In magnetizing, two methods can be employed; first, by passing
over each end the opposite poles of a fixed magnet ; second, by a mag-
netic coil. If the first method be the one employed, a thin film of oil on
the needle during magnetizing will greatly increase the power; but the
method that is most certain of thorougiity magnetizing to “saturation,”
and with no possibility of “different polarities” being developed, is by
passing the needle through a magnetic current.

. _To any one who wishes to make a coil for this purpose, the follow-
ing hints may be useful. A cylindrical coil of copper wire as thick as it
18 long,—this cylinder to have a bore equal to.its ! ickness. The copper
(3 wire shoul.l he rather thick. Lur own coil is of i inch thick wire. The

skin, linen or silk, taking care to use a fresh place on the buckskinat————
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exciting power should be a voltaic apparatus on “Groves' " principle
(platina and zinc). The needle to be magnetized should be passed up
and down the interior of the copper cylinder.

After being magnetized it is nccessary to know if this has been
done properly, i. e., if the latent magnetism of the needle has been fully
developed, and if this magnetism is permanent. To prove the first, the
needle should lift a certain amount of soft iron; our own needles lift
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serting around the edge a small iron wire (the extra broad bri
termed the milita‘ry or Burnside Irat, should especially be t;g:::ld)‘
should make the Surveyor examine both his hat and watch.

Iron in the Brass. There is one source of error which even the
manufacturer must have a special apparatus to detect; and this ap-
paratus is as essential a part of his equipment as a lathe. This is a
sensitive, mounted magnetic needle; and every piece of brass, even of

ten times their weight. _Second, after noting the amount raised on first
magnetizing, it should be tried, after say a week’s time, and it should
then have lost but little of its power. It must be recollected that a soft,
untempered needle loses almost all its magnetism within a compara-
tively short time, though at first it will develop as much, if not more
than a tempered one. If the reader wishes to investigate thoroughly
the subject of magnetism and magnetic needles, he will find ample ma-
terial in the works of Scoresby, Sabine, Brewster, or the Encyc. Brit-
tannica, art.’ Magnetism.

Needle Cap and Pin. The pin and the cap on which the pin
works, require peculiar shapes—the centre of the cap to be at as obtuse
an angle as possible, consistent with having a proper centre, and this
centre perfectly smooth ;—the centre pin to have a hard, round, smooth
point; and this point with not too obtuse an angle. Defects of these
two last (cap and pin) are in eight cases out of ten the cause of the
dull working of the needle.

Care of Needle. To preserve the fine point of the centre pin from
unnecessary wear or from being accidentally broken off, never jolt nor
carry the compass without.being sure that the needle is screwed off the
pin.” In using the needle, lower it carefully, so that it gently rests, and
does not fall upon the centre pin.

To prevent unnecessary wear of the centre pin, check the needle
on first letting it down at the mean of its swing. If the needle swings
from say 0° to 30°, check it by raising it off the pin by means of its
screw at 15°; gently let it down again, and it will be within a few min-
utes of its proper settling place.

Never allow the needle to be played with by a knife or a piece of
iron or steel, for two rcasons ;—first, the instrument should never be
made a plaything ; second, every near passing of a piece of iron or steel
removes a portion of the magnetism of the needle (almost the entire
magnetism can be removed by a series of such passings). A needle
should never (excepting for special purposes) be more than six inches
long, it being very difficult to magnetize properly beyond this length
without developing different polarities on the same side of the needle.
A five inch length is very good.

Local Attraction. Be sure that nothing to attract the needle is
carried on the person in the shape of penknives, watch-chains, buttons,
or iron rivets in the magnifier used to read the graduations. Of late
years new causes of error from this have arisen. The new waichesin
which the movements are made of nickel are almost as powerful in at-
tracting the needle as if these movements were made of iron. The felx
hat-makers’ modern fashion of stiffening the rims of their hats by in-

the smallest size, is tested by being brought near to this needle, in order
to see whether any magnetic attraction is concealed. The brass-founder
is the one here in fault, as impure copper or the smallest piece of iron,
sqch as a tack, core wire, or stirring his metal crucible with an iron rod
will engender this cause. These impurities, melting and diffusing
throughout the brass, although imperceptible to the eye, are brought to
notice by the searching influence of the test needle. All the surveyors’
Compasses made before the last 80 years are especially liable to error
from this cause (those made by Rittenhouse are, however, notably free
from |'t) ; and those who own any such should have them tried by some
maker’s “test needle” to prove their freedom from it.

. It would be a matter of surprise to some to know how many needle
instruments are defective from this cause, and we'will give one instance
that occurred lately. An English Compass, venerable with age and
associations connected with it, had been constantly used by a Surveyor
for over 50 years, and by his father before him. This Compass was
held in such repute that all the farm lines in a radius of 100 miles had
been established by it. In fact, the Surveyor and his Compass were
held in such veneration as to be called in to settle every land dispute in
the neighborhood, and the judgment of the two was considered final.
:At last the old Surveyor died, and such was the desire of the surround-
ing land Surveyors to possess this Compass that at the auction sale of
his effects it was sold for treble the price a new one could have been
bought for. The fortunate possessor brought it to us for cleaning and
adjusting; and some vagaries that took place in the adjusting induced
us to give the instrument a thorough examination; and we found that
this defect of “impure metal” was present in such a marked degree
that in turning the instrument on its centre it was sufficient to draw
the neeodle from its proper position from 10 minutes to 4° (in some
spots 5°). Tl_us unequal attraction is one of the worst features in this
imperfection ; if the iron were equally distributed throughout the metal,
the attraction being equal, the needle would still point true. We are not
surprised to hear, since the old Surveyor’s death, that several lawsuits
are in progress in this locality from land disputes.

Weight of needle. One common error of Surve i

> edle. 1 yors is to choose
a heavy needle; this is a mistake. A heavy needle soon wears out the
fine point >f the centre pin. The superficial su1face, and rot the weight
of the ne:dle, determines the amount of inagnetism it is capable of
receiving.

Stati: electricity. One simple effect lias sometimes bothered the
young Su-veyor. His needle will somctimes not iraverse, but will per-
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sistently stick to the under side of the glass; or one end at the lightest no “dip” to counteract, would throw the needle out of balance and

provocation would fly up to the glass and re'm_ain there. This is caused | make the north end touch the glass.

by the glass becoming charged with electricity, from rubbing against Tt will be asked, **How can the surveyor discover whether a trolley

the clothing, or being rubbed by a silk handkerchief, Touching the | ride has affected his needle, and how can he guard against the above

upper part of the glass in several places with the {npxstened finger f“P- ! trouble if he must ride in trolley cars?” As to the first, the surveyor

or breathing on the glass, will remove the electricity. See also “an has merely to see if his needle is balanced when it rests on centre pin.
—““Tnsuspected—sourcevofferror—in-magneticgleedleM)ﬂg 1f it is balanced, no harm has been done. If, however, instead of this,

_ instruments on page 25. ] the south end sinks and nortli end-bobs up-and-remains-fixed-against———————

the covering glass of compass box, it shows that magnetism has been
taken from the needle, and it should be sent to the maker. For such

How to Carry Transit and Compass Needles on Trolley Cars So as remagnetizing it is not necessary to send the entire instrument to the

: Not to Lose Their Magnetism. maker for repairs; it will be sufficient to send the needle itself by reg-
. ] istered mail. Surveyors in traveling on trolley cars, should enter and
! . X leave by the rear, and keep their instrument as far as possible from the
l Curious Freaks of Trolley Cars With Compass Needles. motors, say, on the back platform. Under no circumstances should the

instrument be put on the floor of the car; it would be better to put it

Eprror ENGINEERING News: o . . ] on the seat or carry it in one’s lap. Neither rubber nor glass will in-
Traveling in trolley cars has _brought to notice a new danger to sulate magnetism. Rubber covers, however, serve to insulate against
. the compass needles of surveying instruments. Surveyors have natur- electricity, and so, also, do the rubber bumpers placed under all boxes.
; ally taken to riding on the trolley lines; they have just as naturally set Needle instruments that are kept in modern, sky-scraping office build-
; their instruments on the floor of the car, forgetting that under the floor ings are also liable to be affected in the way described, owing to the
; of each car are two powerful electro-magnets furnishing the magnetic presence not only of currents of electricity, but also of powerful mag-
; field which produces motion in the armature, or revolving part of the nets. It would be well to remind the surveyor that this clinging oy the
;' motor. 'The field of a magnet extends far beyond it, but of course is needle to the glass, caused by loss of magnetism, may be produced in

most intense between and near the poles, but the magnets on a trolley |} another way by static electricity. If the glass be rubbed against the
: car are so strong that they have an appreciable effect at some distance, clothes or with a silk handkerchief it becomes electrified, and attracts
| and these huge magnets either entirely or partially discharge the mag- the end of the needle to it; but this fault can be detected and easily
i netism from the needle, the amount taken from the needle varying ac- remedied. Touching the moistened finger to the glass, the electricity is
i cording to the distance of the needle from the motor and the lengthof | discharged, and the needle resumes its normal position. If it should not -
b time it is subject to the motor’s influence. During the last four months ¥ do so, then the needle itself has lost its magnetism, as heretofore ex~

at least forty transits and compasses have been sent to us with the re- § plained.

mark: Appended are some letters and extracts bearing on the subject.

“Compass-needle don’t work properly; on letting the needle } CHas. S. HELLEa:
down on pin the north end sticks up against the glass—don’t k’now - (Heller & Brightly).
why. Monday needle worked all right; Tuesday it took this fit.”

On investigating, found that on Monday after the survey the
trolley car was taken to go home, instrument box placed on the floor
immediately over the motor, and by the end of the ride the silent

Ciry or BUFFALO,
DEPARTMENT OF PuBLIC WORKS.

action of the motor on the needle had discharged all, or almost all, the § . Burraro, N. Y.

magnetism. Under some conditions of trolley travel, not only has all | Heller & Brightly: :

the magnetism been removed from the needle (demagnetized), but it I send by this mail needle of your transit to be magnetized and bal-

has been remagnetized and the polarity of the ends has been changed anced. I had a peculiar experience with this needle, which is quite

(i. e., the north end has become the south end, and wice versa). [ stror.. as you will observe, yet. Tt worked to a charm up to last fall,
In the course of its manufacture a compass needle is a simple bar when 1 took it home in the box on an electric car. When 1 attempted

of steel, unmagnetized, nicely balanced on a “entre pin. _Then whenit | to use it again I found the polarity of the needle completely changed

is magnetized, the north end becomes heavier and “dins,” and to coun- (north end pointed to the south), and accompanied with vagaries 1

terbalance the dip a little counterweight (generally'a { w coils of wire) | could not account for. 1 tried to shift the balancing wire, but have

is placed on the south end. It is evident, therefore, that if the needle made ni, .i.-res of it. 1as. H. Turron,
should lose its magnetism, the counterweight on the south end having | Asst. En® Dept. Public Works.
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SyRACUSE
STREET RalLwAay CoMPANY,

Heller & Brightly:
The day before yesterday I had occasion, in using my transit, to
drop the needle in order to ascertain approximately the course of a par-

Syracusg, N. Y,

__iticular_line._ The needle dropped, but, instead_of settling or showing

anywhere near the approximate course of the line, the north end of the
needle persisted in clinging to the glass covering the compass box. I
thought the glass had become charged with electricity, and took what
means within my power to neutralize the action of the current. That
evening I took the cover from off the compass box, and found that the
needle would not balance properly under any condition, and that the
north point of the needle would persist in not balancing, but would
scrape against the glass, and, of course, this makes the needle practically
useless, C. LoomMis ALLEN,
Engineer Syracuse Street R. R. Co.

(From Philadelphia Record.

In making up their calculations regarding the formation of the
country, the United States Geological Survey had need of the variation
of the magnetic needle at various points, and they desired to have the
magnetic variation of Philadelphia recorded. Chief Engineer Webster
ordered the variation to-be noted, but the city is so permeated with elec-
tric apparatus that the needle behaved in a most crazy manner. If a
conduit happened to be directly beneath the needle, it pointed straight
down, and, influenced by local conditions, it performed all sorts of ex-
traordinary tricks. Finally the needle was taken to an isolated point in

‘the Thirty-fifth Ward, far from any electrical influence, and the varia-

tion there noted.

Trolley Cars and Surveying Instruments.
(From the editorial columns of the Engineering News.

We have received several letters from Mr. Charles S. Heller, of the
firm of Heller & Brightly, instrument manufacturers of Philadelphia,
calling the attention of engineers to a new danger to the compass need-
les of surveying instruments due to carrying such instruments in elec-
tric cars.

Engineers frequently set down the cases containing compasses or
transits upon the floors of cars, forgetful of the fact that beneath this
floor are two powerful electro-magnets, which may either partially or
entirely demagnetize the compass needle, t'.c damage done bearing a
strict relation to the distance of the needle from the magnets and the
length of time this needle is exposed to their influence. During the past
four months, says Mr. Heller, at least forty transits and compasses have
been sent to his firm accompanied with the remark that trouble with the

\I

;

| magnetized the north end; of course;“di

needle had followed the transportation of the instrument in a trolley
car. The north end of the needle would stick to the glass, and under
some circumstances the polarity of the needle had been entirely changed
by demagnetizing and re-charging, so that the north end pointed to the
south. .
As Mr. Heller explains, a compass needle is originally a simple bar
of unmagnetized steel nicely balanced on a centre pin. When it is
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a few coils of wire are usually wrapped about the south end of the
needle. It is evident then, that if the needle is demagnetized the effect
of the magnetic “dip” is lost, and the needle is thrown out of balance,
with the north end touching the glass. )

. To detect whether a trolley ride has affected the needle of his com-
pass, the surveyor has only to try the balance of the needle upon the
centre pin. If it is balanced no harm has been done. If the south end
sinks, however, and the north end strikes the glass covering the com-
pass, the needle has been affected, and it should be sent to the maker
for repair. For this purpose it will be sufficient to send the needle only,
by registered mail.

Surveyors are advised to enter and leave trolley cars by the rear
door, and to keep their instruments as far as possible from the motors,
say, on the rear platform. Under no circumstances should the instru-
ment be set on the floor of the car. If it must be carried inside the car
it is better to put the box on a seat, or on the ownev’s lap. Neither rub-
ber nor glass will protect from the magnetic effect, though rubber
covers do insulate against electric currents, as do the rubber ‘:butnpers"
placed under all boxes. Needle instruments that are kept in modemrn
very high office buildings are also liable to be affected injuriously, ow-
ing to the presence of electric currents and powerful magnets.

It is also well to remind the engineer that the needle may be made
to stick to the glass by static electricity, produced by gubbing the glass
against the clothes, or with a silk handkerchief. This effect is easily
removed by discharging the electricity by the touch of a_ moistened
finger to the glass. This experiment should be first tried in the case
referred to, and if the trouble is not remedied by the needle at once
resuming its normal position, then the needle has been demagnetized, as
heretofore explained.

(From the Engineering and Mining Journal, New York.

An Unsuspected Source of Error in Magnetic Needle Readings of
Surveying Instruments.

While engaged in taking some delicate bearings with a surveyor’s
compass, tile writer was puzzled by the fnagnetic needle not giving the
bearin r of the same object twice alike; this sudden vagary of the needle
was the more unaccountable from the fact tl:at the compass was an ex-
ceptionally good one, with extra sensitive needle, and had heretofore
always ~'ven very good results. An investigation was had as to the
cause nf the areuracies, and from the nature of them it was thought

ps;>and-to-counteract thisdip
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that “magnetic attraction,” in the shape of iron in the metal of the
instrument itself, might be the cause; but an examination with a “test
needle” proved this not to be the fact. The clothes of the observer were
then carefully searchied for anything that might have a tendency to
draw the needle from its proper settling-place; but no pen-knife, steel
watch-chain, nickel-plated sleeve-buttons, etc., could be found. It was,
however, noticed while reading the needle that it never quite settled, but

__was_in_a constant tremor and vibration,_and_an_examination of the

poacig

SOLAR TRANSIT AND COMPASS.

while not new, may not be out of place: “Be sure that noth-
{lc‘gl::;k:itract the needle is carried by the surveyor m Elie,sl}fz;pe of ge,:-
Kkmves, watch-chains, buttons, or iron rivets in the magfm er hqsel o
read the graduations. Of late years new causes of error rcz;n t fls ‘ﬁ:i
risen. The new watches in which the movements are made of nic :
are almost as powerful in attracting the ’needle as if those ;noygfmep s
vere made of iron. The felt-hat makers modern fashion of stiffening
:hc rims of their hats by inserting around the edge a small iron wire

magnifying glass used in reading the needle was made. The magnifier
was similar to those now so universally used to read the verniers and
needle-bearings of ficld instruments, having a black hard rubber or vul-
canite frame, and this frame polished to a high gloss; and the whole
cause of the trouble lay in this case or frame. It was found that this
frame was peculiarly liable to become electrified; that the slightest
friction, even the mere carrying in the pocket, was sufficient to charge

it; and that when thus electrified, if brought near the needle of a com-

pass, it had almost the effect of a loadstone in drawing it (sometimes
as much as half a degree of arc) from its true settling-place. On dis-
carding this magnifier, and using an ordinary glass lens without a
frame, no further trouble was found in the field-work done with the
compass. As all the instrument makers of this country furnish these
hard rubber frame magnifiers with their field instruments, the liability
of these frames to become thus electrified should be made known. Any
surveyor having one of this class of magnifiers can convince himself of
this fact in the following manner: Tear tissue paper or newspaper into
small shreds; rub the frame of his magnifier briskly on the coat sleeve
for a few moments; this friction will so charge the frame with elec-
tricity that, if held above the paper, the paper will fly up and attach
itself tightly to the frame, or if held near to the “test magnetic needle”
(which all instrument-makers use to prove their metal’s freedom from
iron) the needle will instantly be drawn to the frame, and stick there
as if it were made of iron. This electrical trouble was found to be at its
greatest in clear cold weather, and when the rubber cases were new and
highly polished; greasing the cases was found to somewhat diminish
the evil, and touching with the damp finger also discharged the elec-
tricity somewhat. Examination was also made of other magnifiers,
those with brass, German silver and horn frames, such as are sold in
optical stores, and on testing with the “test needle,” the majority were
found to be afflicted with “magnetic attraction,” arising from impure
metal in their cases, rivets, etc.

In consequence of these examinations one firm (Heller & Brightly,
of Philadelphia,*) have ceased furnishing these rubber magnifiers with
their instruments, and have substituted other frames that will stand the
test of the “test needle.” In connection with this subject the following

® These ** non-magnetic attraction frame magnifiers * furnished by us are precisely similar in
anearnnce to the hard-rubber frames mentioned abov~ (the glasa itself is, however, sharper
defining than the ordinary store glasses), but with the impouriaat exception, that these horn
t be ited electrically, as is the cose with the rubuer.  Care is also taken that no
maguaetic attraction enters into the composition of the various-plus :nd rivets, and that, when
fully completed, they shall stand the severe test of the **teat ueedic. ©  1f any surveyor who has
been trounled with this electricity in his magnifier will send us in a letter one dol'ar and slxty
sents, we will, per return mail, foward to his address one of these magnifiers, post-paid.

. which was supposed to be about

t(z::;goed) should make the surveyor examine both his hat and his

» .
watc!}.here 15, however, a general ignorance (especially among land s:llr-
vevors) on this important subject, and one case that lately camte fun e{
the writer’s notice will be given in point: A land surveyor, no 'it‘ll:c');s
ing the brassy look of his compass, had the entire mstrument,f wi !ts
ball and socket and sights, nickel plated, not knowing that as grl as i
effect on the needle was concerned he might as well have coaft% his ;n-
strument with iron. Aluminum has also been.useﬂ instead of brass for
instruments, but on account of the metal having “magnetic attractgoa
it is not suitable for needle instruments; this attraction 1s espe::lxa y
noticeable after the hammering process ghat“ls necessary to condense
the aluminum after casting; this hammering “polarizing it,” as it were.

Solar Transit and Compass.

olar Compass, or Solar Transit, as ordinarily made, has the
folloa?:gsdefects :—pﬁrst; it is very heavy and cumbersome; haS‘;dl to get
in adjustment, and very liable to iose its adjustment; and the So a'li‘ alp-
paratus, by occupying the upper surface of the plates, prevents a Tele-
scope being added in the manner of an ordinary Transit. G N
We find that the Solar apparatus devised and patented by G. -
Saegmuller overcomes all the above defects, 1s more accurate, easnet(" ad-
justed, and keeps its adjustments better than in any other form, and we
ave adopted it where a solar apparatus 1 required. .
Prof. J. B. Johnson, of Washington University, St. Louis, Mo:, as
given it a thorough test, and wrote to G. N. Saegmuller as fqll{)ws ”
“In order to determine just what accuracy was possible with a
Saegmuller Solar Attachment, I spent two days making observations on
a line whose azimuth had been de.termmed by observations on lt.wo
nights on Polaris at elongation, the instrument being reversed to € 1§nl-‘
inate errors of adjustment. Forty-five observations were made fwnt
the solar attachment on Oct. 24, from 9 to 10 A. M., and from
1.30to 4 P. M., and on Nov. 7, forty-two observations between the same
hourf;'.On the first day’s work the lattitude used was that oPtalped by an
observaiion on the sun at its meridian passage, being 38° 39/, and the
me..n asimuth was 20 seconds in e(:l-t_'or.t do?htl‘let§f§3:(31 d:g;::lse ;gft;;'-
i usted. the lati 3 ,
ment having been more care o :hé true latitude of the point of obser-

vaticr -vhich was the corner of Park and Jefferson avenues in this city.

bri —the—mili - i be
extra broad-brimmed, termed-the mﬂttaey,—should-espeually_
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It was afterwards found this latitude was 38° 37" 15", as referred to
Washington University Observatory, so that when the mean azimuth of
the line was corrected for this 15" error in latitude it agreed exactly
with the stellar azimuth of the line, which might have been 10" or 15"
in error.- On the first day all the readings were taken without a reading
glass, there being four circle readings to each result. On the second
day a glass was used.

“On the first day the maximum error was 4 minutes, the average

L)

TELEMETRICAL MEASUREMENTS.

For a certain class of measurements, the chain or tape has been

error was 0.8 minute, and the ‘probable error of a single observation’
was also 0.8 minute. On the second day the maximum error was 2.7
minutes, the average error was 1 minute, and the ‘probable error of a
single observation’ was 0.86 minute. The time required for a single
observation is from three to five minutes.

“I believe this accuracy is attainable in actual practice, as no
greater care was taken in the adjustment or handling of the instru-
ment than should be exercised in the field.

“The transit has come to be the universal instrument for the en-
gineer, and should be for the surveyor, so it,is more desirable to have
the solar apparatus attached to the transit than to have a separate in-
strument. The principal advantages of this attachment are:

“1, Its simplicity.

“2, Its accuracy of pointing, being furnished with a telescope
which is accurately set on the sun’s disk.

“3. In its providing that all angles be set off on the vertical and
horizontal limbs of the transit, thus eliminating the eccentricity and
other inaccuracies usually found in attachment circles or arcs.

“4. Its small cost. . )

“It is also readily removed and replaced without affecting its ad-
{ustments, and is out of the way in handling and reversing the telescope.
t may be attached to any transit.”

Adjustments. Saegmuller’s solar attachment requires but two ad-
justments: (1) Make the polar axis perpendicular to the plane of the
transit-telescope and the swinging axis of the transit-telescope. (2)
Make the collimation axis of the solar parallel with the axis of its level
bubble. The method of making these adjustments is so readily apparent
to an engineer, accustomed to instrumental adjustments, that they will
not be given here.

s‘n'perseded—by—severa{—methods—whiclrpermiHhe~measurem.ent of
the distance by an observation of a rod at one end of the line by
an instrument at the other.

1. Using a vertical arc. This method requires no special attach-
ment except a vertical arc. If a transit telescope is levelled and
sighted at a rod (held truly vertical) 100 feet away, and the tele-
scope is then raised (or lowered) until the ponzontal cross wire
sights at a point on the rod exactly one foot higher [, .. o roa—
(or lower), the telescope must have been moved oue foot
exactly 0° 34’ 22.6". If the distance were 200 feet
and the intercept 1 foot, the angle would be 0° 17’ Verttal | 1,
11.3"—which is one-half the previous angle. By ¥
similar calculations we may construct a tabular

form, of which a small sample is here.given. It © 7 | 27
should be noted that for a distance of about 300 feet, 12 | 2se4s
the angle is between 11’ and 12/, but the variation 12 | 200
of a single minute varies the computed distance by 1w | 2485
. 26 feet, and since the vertical angle cannot usually 13 229.18
be read closer than single minutes, the uncertainty 16 214.86
is very great. But by making the intercept § feet 1 22.23
(or even 10 feet) the uncertainty may be propor- ‘I: ::::
tionally reduced. The method is valuable at times, . | _"0

particularly as a check or when the other methods — i e
cannot be used—because the instrument is not .._."_ﬂT.- UL
cquipped for it. But there are serious objections :— L B
(a) it is not capable of as accurate use as the otlger o 80 68.78
methods—explained later; (b) it is far less rapid; 1° ¢ 57.20
(c) the above tabular calculations are only true for )
level lines; when the lines are inclined up or down, as is generally

the case, the computations require to be “reduced,” as with the other
methods.

2. Gradienter. The design of the gradienter is very attractive.
If it could always be depended on to do its work with mathematical
precision. it would be more used, but it has been frequently noged
that after a comparatively short use in the field, they fail to give
corrurt results. The reasons were fully set forth in Fan Nostrand’s
Magazite by Benj. Smith Lyman (Pres. Mining and Metallurgical
Section of the Franklin Institute), and ampllhed in a paper to the
Enginecring News. The method is less rapid than the stadia; the
attainable accuracy is less than the stadia (as proven by a long series

27 :
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of comparative observations, made with this very purpose): the ac-
curacy is vitiated by any jarring of the transit (however minute)
that occurs while taking the fzeo separate observations on the upper
and lower marks. The last objection applies equally to the vertical
arc method.

The gradienter has unquestionable advantages when used to
run a line having a given grade. This operation may be made with
a gradienter more accurately and more conveniently than it can with

STADIA.

o ce them so that the error shall not exceed I-5 of 1
o3 'cz:::‘, :(c)qil)‘]i::-es that they be located to within 000an o& an l'nclh.
If the wires are not set with c¢=100, then (a) a spczm r?h nlx)ubt e
,ainted with units of such length that =100, or b) eaLAc;). s(:nl,:ll-
I1ion must be reduced by means of a diagram or table. A jufs able
wires may get out of adjustment, but t‘hey permit the use tou o:::ll:;
nary rods and are easily adjustable. To test the wnresf, s::n t l?e he
instrument and send a rodman to a pont, the distance fro

—a vertical-arc, while stadiawires cannot lie utilized for this purpose.

3. Stadia. The utility of the stadia-has now become so recog-
nized that it should be considered a necessary attachment 10 all good
transits. Its advantages are (a) rapidity of work; (h) accuracy;
(c) no appreciable addition to weight of instrument; (d) insignifi-
cant cost. Since both wires can he viewed simultaneounsly, the in-
strument need not be touched nor the telescope moved between the
two readings—as must be done with either methods (1) or (2).
The distance from the center of the instrument to the rod always
equals a constant (C, which is usually {00) times the rod reading
(7) plus the focal length of the telescope (f) plus the distance from
the center of the instrument to the object glass (c); or

Distance=Cr-+rf+4-¢.

The distance is the same as though measured from a point
which is the distance f in front of the object glass.

Although (f+4-¢) is slightly variable, the maximum variation is
far within the lowest unit of measurement of distance—which is
usually 1 foot. f is casily measured by taking the distance (as
shown in the figure) from the cross hair screws to the object glass
and c¢ is similarly measured. The sum of the two is usually about
15 inches, but when the lowest unit of measurement for horizontal
distances is one fool, then (f4¢) must usually be taken as one foot,
When stadia wires are used on a “level” telescope, (f4-¢) may be
over 18 inches, and then it should be considered 2 feet. Therefore it
is only necessary to read the distance from the rod and add 1 (or 2).

Fived or adjustable stadia seires.  Fixed wires have the desirable
quality of permanence, but it is almost § sipracticable to set and fix
cross wires so that the “constant” (¢) shall be precisely 100, For an
8-inch focal length, the distance between the c.ooss wires is only

S nt-hei oo-feet—+—(f+c)—Fix-the telescope so the middle

t\lz{:emiim(sl;?'l)‘g;sso on th—(la-rb(-l'.- Then test and adjust the wires if

necessary so that the upper wire is on 7.00 and the lowerf wire 0;1
2.00. This may be tested in a moment before eacll
day’s work, the base line being measured once for all.
The wires hold their adjustment well, but an occa-
sional touch may be necessary to keep them accurate.
The wires should always be equally spaced from
the middle horizontal wire—as shown in the cut.




'HELLER AND BRIGHTLEY’S NEW TRANSIT.
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long and fitting one inside of the other, and neither of them being ex-
sed or detached from the instrument, thus remedying the two last
causes of error. These two are the only styles of Transit made, and are
respectively termed the “short centre Transit” and the “long centre
Transit” The “long centre,” although the most perfect in its con-
struction, has never been a favorite among Railroad Engineers for the
following reasons:
1st. The_increased size of the centres making it heavier, and this

by Prof. J. Peter Lesley.
(From Journal Proceedings American Phil. Soc.,

The Engineers’ and Surveyors’ Transit, as at first constructed,
commonly termed a “flat centre,” or “Railroad Transit,” although su-
perior to the English Theodolite, which it superseded, yet in practice
has been found defective in the following mechanical details:

1st. The upper or vernier plate, resting, and turning upon the under
or graduated limb, was accompanied by so much friction, caused by the
large extent of the rubbing surfaces, that,.in turning the vernier plate
around the llgnb, the whole instrument would sometimes be moved upon
the lower spindle. 2d. The oil that was necessarily used to lubricate
the plates, would become so congealed in cold weather that the plates
would not move at all, and old Railroad Engineers will readily recall
the thawing out of their instruments over large fires, at every fall of
the thermometer, before they could be used. 3d. The spindle upon
which the entire instrument turns, being detached from the instrument,
thus violating one of the standard rules, that, by long experience in
this country and Europe, has been found necessary in the construction
of any instrument with any pretensions to accuracy, viz.: “any instru-
ment having a graduated plate and levels, should be so constructed that

- both of the centres upon which the instrument turns, should be always
covered and not detachable from the main plates.” To prove the
utility of this rule, it is only necessary, after adjusting the levels of one
of this class of Transits, so that they will reverse on the top centre, to
clamp the two plates together, and turn the instrument on the lower
spindle, and the levels will invariably be found out of adjustment, show-
ing conclusively, that through some cause, most frequently the settling
of flying dust, etc., upon the surface and shoulder of the spindle, the
spindle is not at right angles to the surfaces of the plates. 4th. The
centre around which the graduated limb revolves, can only be the thick-
ness of the graduated limb; this centre, by reason of its small surface,
wears after. comparatively short use, and does not exactly fit the
conical hole in the graduated limb; and two readings of the same object
taken without any change in the position of the instrument, have been
found to differ by 5' and from no other cause than this.

These various defects have caused this style of instrument to be

entirely discarded in city work, and for this another construction is |

us.ed, in which the two main plates do not tauch each other, thus obvi-

ating the two first evils, viz.: the friction of the iwo plates rubbing one

over the other, and the stiffness of motion of the pl~.es in cold weather.

The sockets and spindles upon which the main plates revolve, being
30

being a very serious objection where an instrument must be carried
several miles every day, as is frequent in Railroad surveys. 2d. The
instrument not being detached from the tripod, except at the base, com-
pelled the Engineer in moving the instrument from one station to an-
other, to either carry the entire instrument himself, or trust it to his as-
sistant ; while in the short centre, the instrument lifting off the spindle,
the Engineer could take the comparatively light instrument, with all
the important parts, and leave his assistant to carry the heavier portion
of the tripod, ‘with its leveling screws, legs, etc. 3d. The removing
and replacing of the instrument on the tripod, being accomplished by
means of a large screw thread, is a very tedious and unsafe method,
and if not very carefully performed, is liable to injure the instrument.
4th. The extra skill, time and care required in making the long centre,
was so much greater than the flat centre, that the price of the instru-
ment was materially increased.

Ever since the introduction of the Transit, numerous endeavors
have been made to reduce the weight of the instrument, but as they have
all been conducted on the same principle—i. e., reducing the thickness
of the various plates, etc.—their only effect was to make the instru-
ment so slight as to be unsteady, their bearing surfaces so short as to
soon wear loose, and the instrument always losing its adjustment. The
manufacturers of this instrument have had their attention drawn to the
increased strength and steadiness that the employment of the “trans-
verse section,” “ribbing or bracing,” imparted to metals; and the amount
of metal that could be removed from a solid plate of metal, and its
strength and steadiness not impaired, but even added to,if only judi-
cious ribbing was resorted to. In this improved Transit, which is a
long centre, the weight as compared with an ordinary Transit of the
same size, is reduced one-half, and the instrument is not contracted in
any part, but in some parts, where increased size would be an ad-
vantage, such as the graduated plate, centre, etc,, it has been done, but
all the plates, etc., are ribbed in such a way, as to be stronger than a
solid plate, and all metal that did not impart either strength or steadi-
ness has been removed.

The Railroad Engineer has in this instrument, a long centre Tran-
sit that can be taken from off the tripod and replaced in a quicker and
sure way than the short centre Transit, but, unlike the short centre,
keeps .11 tl.e centres covered and not removable from the instrument,
and leaves the tripod head and legs with the four levelling screws, etc.,
to be carried by his assistant. The difference in weight will be appre-
ciated by the Railroad Engineer, when we inform him that a plain
Transit, .ih all its centres, etc., only weighs about as much as a
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Surveyor’s Sight Compass; and is more steady and keeps in adjustment
better than the ordinary long centre Transit, weighing from twenty-
five to thirty pounds.

The City Engineer has in this instrument all the advantages of the
ordinary “long centre Transit” with only half the weight, and an in-
crease of steadiness.

There are several defects that are common to all Transits, amon.

‘which-are ——1

1st. The “tangent or slow motion screw” that moves the upper
or vernier plate, by use becomes worn, and does not fit precisely the
thread in the interior of the nut through which it passes. When this
occurs, the tangent screw can be turned sometimes a complete revolu-
tion without moving the vernier plate. This “lost motion” or “back
lash” of the tangent, is one of the worst annoyances of Engineers, and
has been the source of serious errors in the field. Several methods have
been devised to overcome this, which we will here describe. The nut
through which the screw works has been made in two sections, to allow
of being drawn together when the screw wears. This plan would
answer if the screw always wore equally in every portion of its length—
in other words, was a cylinder—but this it never does; and if the nut
is tightened so that the lost motion is removed from the thinner por-
tion of the screw, it will move so tightly as to be useless when it comes
to the portions that are not worn so thin. There are several methods of
drawing the nut together, but they have all the same objections as the
above—that is, they are not effective in the entire length, and the nut
must be pressed so very hard on the screw as to make the working
of the tangent very tense, especially in cold weather. Another and the
last method has been to apply a long spiral spring between the nut and
the head of the screw that acts as the finger-piece, thus pressing the nut
and the screw from each other, and consequently removing all “lost
motion” from the screw. This plan, though in theory very good, in
practice has been found inoperative, for the following reason : the spiral
spring had of necessity to be made long enough, and stiff enough, to
act in every portion of the screw’s length, the alternate opening and
closing of the spring by use weakened it, and in a short time it failed
to remove the “back play.” To get rid of this defect of “lost motion”
in the tangent screw; opposing or butting screws have Leen sometimes
substituted, but in use they do not give satisfaction, as two hands must
be employed in using them, and standing from the edge of the plate,
they are liable to be injured by blows, and they are apt, unless very
carefully used, to throw the instrument out of level.

In this instrument we have an improved tangent screw, that, no
matter how much the screw may wear by use or time, will never get
“lost motion,” but will instantly obey the slightest touch of the hand:
this is effected by means of a long cylinder nut, from the interior of
which two-thirds of the screw have been removed ; into half the recess
thus left in the nut,is nicely fitted a cylindrica! “follower,” with the same
length of screw thread as the nut; this follower is fitted with a “key,”
that prevents it turning in the recess, but allows motion in the direction
of its length. A strong spiral spring is placed in the remaining half of

“l
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the recess, between the fixed nut and the movable follower, and the
spring has always tension enough to force the follower and fixed thread
in contrary directions, and thus to remove any “lost motion” that may
occur in the screw. It will be observed that in this method, the spring
always remains in a state of rest, instead of closing and opening, as has
been the case in all other applications of springs, and which have been
the cause of their failure. Tangent screws that have had as much as 10
been made to work entirely taut by this method.

The mode of attaching the tangent screw to the plates illl‘ this in-
strument is entirely new ; it is a miniature modification of the “Gimbel-
ling” of a ship’s compass, and allows the tangent screw, by its free
swivelling, to be tangent to the plates in every part of its length, and
thus never to bind This tangent screw is also of value for sextants, as-
tronomical instruments, etc., where “lost motion” is detrimental, and a
smooth, easy motion is required. In all instruments the brass cheeks
in which the three legs of the tripod play are fastened to the lower
parallel plate by a number of small screws, commonly twelve. When
the legs wear in the cheeks and become unsteady, the only method the
Engineer has of tightening the legs is by drawing the cheeks in which
the leg moves by means of the bolt that passes through the leg; this of
necessity draws the cheeks out of perpendicularity, and strains the small
screws that bind the cheeks to the parallel plate so much as frequently
to loosen them. This source of instrumental error hardly, if ever, occurs
to the Engineer, but very good instruments have been condemned as
unsteady, when an examination has shown the fault to be the above.
This source of error can never occur in this instrument, as the cheeks
and the parallel plate are made in one solid piece. But to come to the
last and most serious evil. The effective power of the Telescope is im-

aired by spherical aberration ; that is, the field of view, as seen in t!1e
g‘elescope, is not a perfect plane or flat, but is spherical. To prove this,
take an ordinary telescope and focus it so that an object will be clearly
defined at the intersection of the cross hairs or the centre of the field of
view ; then, by means of the tangent screw, bring the same object to the
edge of the field of view, and it will be found in every case to be
indistinct and not in focus; on the contrary, focus it so as to be distinct
at the edge, and it will be indistinct when brought to the centre.
In some telescopes, however, it is impossible to focus at the outer edge
of the field, and objects will be tinged with prismatic colors, showing
that these glasses are affected by chromatic aberration also; sometimes
the cause of this defect lies in the object glass, but in the majority of
cases the lenses composing the eye-piece are in fault.

These aberrations affect the working of the telescope in several
ways. First, it practically diminishes the size of the object glass, and
the vievs is never so clear and distinct as it ought to be. Second, it is
very difricult, and in some cases almost impossible, to agljust the eye-
piece tn prevent parallax, or “travelling” of the cross wires, when the
eye is Lhift:d from side to side; and practical Engineers know what a
sharper power of defining and how much less trying to the eyes a “soft
glass” has-—that is, one that has a “flat field.” This defect has pre-
vented {' ,-eneral use of the Stadia, or Micrometer wires, as a method
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of measuring distances without a chain, as the two horizontal hamE
that are used, being in different parts of the field of view, cannot, inaf
majority of cases, be focussed so as to be devoid of parallax, and thf:
slightest travelling of the wires in this operation will give an erroneous}
result. The evils of this defect were most forcibly brought to Mr}
Heller and the late Wm. J. Young’s notice when one of their bestf
Transits failed to define in tunnel work, from loss of light, from this}
cause; and they both endeavored, to within a short time of Mr. Young's

o _dﬁathktmmncdngfmyillgAall—the—kaowa—iomaulae-oﬂalmost—all—thr - ing improvements-over-the-ordi

opticians in the country, but without any good results. In the Tele}
scope of this instrument these evils are entirely removed by the employ. f
ment of a new eye-piece, and advantage has been taken of the improve.
ments that Optics have made in the last few years in the curvatures
and arrangements of the leuses that compose it; and the test referred
to above, of focussing an object in the centre of the field of view and
then bringing the same object to the edge, and it still remaining inf
sharp focus, can be done with this telescope, and the object shows no}

tinge of prismatic color, showing that both chromatic and spherical |
aberration have been removed. . :

The advantages of this improved Telescope are: a clear and sharply
defined field of view; a field of view so flat that the cross hairs areff
without parallax in every part of it, and micrometer hairs or Stadia cav
be used with favorable results. The whole affective power of the}
object glass being used and none of the light lost, work can be com-
menced earlier in the morning and continued later in the afternoon
than is usual, This, in the winter season, is no slight matter to the
engineer; and lastly, there is no straining of the eyes in sighting, The
spider’s web, by reason of its fineness, is the only article hitherto used |
for cross hairs, yet in use these have been attended with some difficul-}
ties; first, the spider’s web is hygrometric, or is affected by the humidity
of the atmosphere—when exposed to dampness lengthening, and of
course throwing the line of collimation from its true place. This defect
is more serious in the Engineer’s Levelling Instrument than in the
Transit, instances being known where the line of collimation has altered
two or three times in the course of ten hours by reason of atmospheric
changes, and of course any observation taken at those times would be

defective ; lastly, the spider’s web being a transparent and not an opaque §

substance, in some positions it is impossible to see the hairs at all: this
is more especially the case when sighting in the direction of the sun—

that is, an easterly course in the forenoon, or westerly in the afternoon. |

To remedy this defect, platina cross hairs 1-1000 of an inch in thick.
ness, or as fine as spiders’ web, are substituted ; these being opaque, and
not transparent, in sighting in the direction of the sun are still visible,
and any atmospheric changes, dampness, etc., do not affect them. They
believe that they are the first ones in this country who have drawn wire
so thin, and the only ones who have made any practical use of Dr.
Wollaston’s experiment. The platina hairs are invaluable in Mining
and Tunnelling Instruments, that are so couctantly exposed to damp-

ness, and being opaque, no reflector to illumijnal. the cross wires is
required,
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To prevent the stiffness of working of the levelling, ta:pgent and

other screws in cold weatller,_wlﬂch arises fyox:n the congea llt:g of the

ease that is used in lubricating them, no oil is used upon the screws
of this instrument, but they are lubricated with pure plumbagc;; .

By a simple arrangement of the clamps on the axle of their gomE

lete Transits, they make them also answer the purpose of a pair o
g:ompass sights, for taking offsets at right angles to the telescope.

From the above, it will be seen that this instrument has the follow;

nsit:— ITA‘simple&—secnre-ab 2 il‘;u
. . : the
teady method of attaching and detaching from the tripod, being
(smly )l,ong centre transit made that detaches as easily as a short centre.
2. An important decrease of weight, wjthout decrease of size, and an
increase of steadiness. 3. All the working parts of the tangent screw,
etc., brought within the plates, making the instrument more compact.
4. An improved tangent screw, telescope, cross hairs and tripod head.
5. A pair of sights for taking offsets; and 6. A new method of lubri-
cating the screws.

Report of Committee of Civil Engineers Appointed by the Franklin
Institute to Examine a New Transit Instrument.

No. 863. Havt or THE FRANKLIN INSTITUTE,
Philadelphia.- L

The Committee on Science and the Arts constituted by the Frank.
lin Institute of the State of Pennsylvania for the promotion of the
Mechanic Arts, to whom was referred for examination the Transit in-
strument made by Messrs. Heller & Brightly,

Philadelphia,

REPORT

That the instrument exhibits the best of workmanship, and combines
several novelties of construction which, in the opinion of the Commnttge,
render it superior to those now in common use. Among these novelties
are: 1st.’ A great reduction of weight, without any loss of strength
or steadiness. 2d. An improved method of attaching and detaching the
instrument to and from the tripod head. 3d.All the working parts of the
tangent-screw, etc., are brought within the clrcumferen.ce of thq plates,
thus diminishing liability to injury, and at the same time making the
instrument more compact. 4th. An improved tangent-screw. sth.
Cross-wircs of platina instead of spider’s web. 6th. A pair of sights
placed in the standards, by means of which a right angle can at all
times ve laid off from the line of the telescope; this is very useful for
taking cifset: from the line of survey. 7th. An improved telescope.
8th. A shifting or extension tripod leg, for use in mining or other con-
tracted workings. oth. The brass cheeks for the legs and the tripod
head are east in one piece. 10th. An improved lubricator for the screws.
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The following is a detailed description of the above-enumerated
improvements. .

First. The weight is reduced to about one-half that of an instru. f

ment of the same size, made in the usual way, by ribbing and bracing
the plates, etc.; and all mectal that does not impart either strength or

steadiness is removed, the size of the instrument not being reduced ¥

thereby in any part.

- —Second:- The-method-of-attaching-the-instrument-to-and-detaching—

it from the tripod head is as follows: The upper parallel plate of the
tripod head has two (2) fixed and one (1) movable lug on its upper
surface. These three (3) lugs are placed equi-distant from each other,
There is also a flange on the exterior of the socket which encloses the
centres. Three (3) recesses on the edge of this flange allow the flange
itself to lie on the parallel plate and to enclose the lugs. The whole
instrument is now turned until the lugs are outside of the recesses,
and the whole is then clamped by the milled head-screw of the movable
lug. By this process a three- (3) pointed clamp is obtained. A forked
guide-piece fitting into a grove in the clamp-screw and traveling with it
prevents its being screwed out and lost.

Third. An examination of the instrument renders this third point
80 obvious as to require no explanation. :

Fourth. The tangent-screw is constructed so as to overcome all lost
motion in the following manner: A long cylindrical nut has two-thirds
of its screw-thread removed. In one-half of the recess thus formed is
fitted a cylindrical follower, with a key which prevents its rotation, but
permits it to move forward or back. A spiral spring is placed in the
other half of the recess, the tension of which forces the fixed thread and
follower in contrary directions.

Fifth. The platina cross-wires (1-1000 of an inch in thickness, or
as thin as ordinary spiders’ web) prevent the sagging which the spiders’
web undergoes from dampness. Not beinﬁ‘ transparent, they can be
easily seen when sighting toward a light. This is an advantage when

looking toward the sun, or when locating a meridian line by means of
the North star.

Sixth. A pair of right-angle sights is obtained in the following
way: The slits in the clamps on the axis of the telescope are extended
downward so as to reach almost to the bottom of the clamps, and in
these slits the sighting-holes are made. The slits are then adjusted
by the maker to cut a right angle, and index marks are then made on
the clamps and standards. By bringing the index marks to coincide,
an accurate sight at right angles to the telescope is had.

" Seventh. The curvatures and distances of the lenses composing the
eye-piece are so arranged as to overcome all spherical and chromatic
aberration in the telescope. The spherical aberration of the ordinary
telescope has prevented satisfactory results from Stadia measurements.

Eighth. The shifting tripod leg has a play of from three (3) to five

(5) feet. It is composed of two (2) semi-ciréulr. cylinders, sliding
one on the other on their plane surfaces, as in a levelling-rod, and
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clamping in any position. This leg dispenses with eccentrics, and will
slide easily and clamp well, even if the wood of the halves be swollen
or warped.

Ninth. Having the tripod head and the cheeks for the legs in one
piece prevents the possibility of any unsteadiness from the loosening of
the cheeks from tightening the legs.

Tenth. Pure plumbago is used as a lubricator for all the screws,

__preventing_hard_working in cold weather.

The side adjustment on the standard, by which one end of the axis
of the telescope may be raised or lowered in order to make the vertical
hair lie in a vertical plane through the axis, and the nice balancing of
the telescope upon its centre of gravity, are also noticed as very import-
ant features in engineers’ transits. There is, however, no claim to
novelty in the application of these principles.

The ribbing of the instrument is judiciously placed, and the metal
of which all castings are made is bell, instead of the ordinary brass.
The Committee see no reason why it should not keep its adjustments
and maintain its steadiness at least as well as any other. To solve all
doubts, however, on this subject, letters were addressed to two en-
gineers who had been using the transits of Messrs. Heller & Brightly
almost daily for six (6) months. Both were engaged in operations re-
quiring the best instruments—viz., one in city street locations, and one
in a tunnel nearly four thousand feet in length. The answers of both
were satisfactory in the highest degree, pronouncing said instruments
superior to any they had ever used.

The substitution of platina wire for spiders’ web was found to be
especially advantageous in tunnel work, by contributing in an appreci-
able degree to the accuracy so necessary in that kind of work or in
mining. :

In conclusion, the Committee express themselves highly pleased
with the instruments of Messrs. Heller & Brightly, and consider it but
a simple act of justice to these gentlemen to say that, in its opinion, the
deviations which they have made from the common styles of transit are
decided improvements. It may not be amiss to add that their instru-
ments cost no more than those of the ordinary style of our best makers.

Joun C. TraurwiNg, Chairman.
CHuARLES S. CLoOSE,

Lewis M. Hauer,

SAMUEL L. SMEDLEY,

ErrLwoop Mognis,

By order of the Committee,
D. 8. HoLMAN, Actuary.

Th: following are the two letters of inquiry referred to by the
Franklia Institute Committee in their report. The letters to which these
are answers had, among other inquiries, the following: Is the instru-
ment steady? Does it keep its adjustment? If not, how frequently has
it been 4.!"..ted since you first received it? -



38 COMMENTS OF ENGINEERS,
BurLinGTON, N. J.

Messrs. HerLir & BricuTLY, PHILADELPHIA.

Gentlemen:—Your inquiries regarding the Transit purchased of
you last spring is at hand.

I am happy to say that when put to test of unremitting use for sev-
eral months with constant and critical examination during the entire
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We have found another great advantage in the use of the platina:
namely, that when the light is reflected on them by a lamp, instead of the
indistinct line which the spider web gives, we have a clearly defined
black mark. Yours, etc.,
Twos. C. STEELE, Engineer.

On a New Mining Transit and Plummet Lamp.

I have not been able to detect anything amiss.

Besides using the Transit for the customary purposes of a general
practice, I have employed it in the careful reorganization and rectifica-
tion of the Surveys of our city, and the preparation of a strictly ac-
curate Atlas, similar to that which is in use in the Survey Department
of Philadelphia; and in two very essential respects I have found it
superior to any other that I have ever known; I refer to stability and
permanence of adjustment.

I have frequently left it standing in ong position for hours, and on
my return found the telescope maintaining the same line with entire
exactness; and in point of adjustment, it is as correct and reliable to-day
as it was after the searching examination you gave it in my presence
on the day of its delivery to me.

The graduation of the plates is exceedingly accurate, and in that
respect my Transit is superior to the majority of those in common use;
in fact, the results obtained from its use have been such that, had they
not been frequently repeated with equal success, should have been
attributed to chance. .

The needle, too, is excellent in all the essential particulars of
straightness, correct centring and magnetic power. In perhaps a hun-
dred readings of angles by the needle as compared with the readings
of the vernier, in no one has the difference amounted to more than
three minutes. I am yours, etc., H. S. HaINnEs.

Orrice oF THE LEHIcH CoAr AND NAviGATION COMPANY,
NesquenoNING TunNEL, Pa.,

Mzssrs. HELLER & BRIGHTLY, PriiLa.: .

Dear Sir:—Your favor of 28th ult., inquiring about the instrument
made for use on this work, is received.

The instrument has proven entirely satisfactory in every respect;
it is perfectly steady—it keeps its adjustment admirably, it not having
been touched in this respect since it came from your shop, and is now
perfectly correct. )

The platina hairs have never shown the least indication of sagging
from the moisturc of inside work, and they are the only hairs that we
have not had trouble with in this respect ; Lie instrument has frequently
been in the dampness of a Tunnel for hours at a tiwe,  * *o®

We were enabled to bring our lines together with your instrument
with a lateral variation of 134 inches in a Tunnel 3800 feet long.

period for the-discovery-of faults-that-are ordinarily supposed to exist, i

(From Van Nostrand's Engineering Magazine

A communication to the American Institute of Mining Engineers,
at the Boston mecting, by Prof. R. W. Raymond,
President of the Institute:

Having had recently the opportunity of examining a Transit and a
Plumet Laxpp, manufactured by Messrs. Heller & Brightly, of Phila-
delphia, and intended for the use of mining engineers in underground
surveying, 1 thought a description of them would be interesting to such
of our members as have work of that kind to do, and accordingly I re-
quested the makers to prepare and send to me a detailed account.
There is pothmg specially novel, I may remark, in the construction of
the T'ransit ; its claims to favor must rest upon its compactness and light-
ness, together with the general excellence of its workmanship. The
principal peculiarity is the ribbing and flanging of the parts requiring
strength, so as to dispose the minimum amount of material where it will
secure the greatest rigidity. This transit is said to be the lightest of
American make. I believe Caselli has sent some from London which
are still lighter; but they are perhaps not so completely furnished for
field work. I confess I do not see how the weight can well be reduced
any further, unless an instrument can be made of aluminum—a plan
which Mr. Rothwell once suggested; but which may not. perhaps, be
entircly practicable, and, at any rate, has not been tried.

_The following is the manufacturers’ description of this Transit,
which they have designed and introduced within the last year:

It is a small portable angle instrument, similar in principle to the
ordinary “Engineer’s Transit,” and a fac simile in every respect (ex-
cepting size and weight) of their “complete Engineer’s Transit.” It
has long compound centres ; the horizontal limb is read by two double
opposite verniers, placed outside the compass box ; the vernier openings
in the plate being made very wide, so as to allow the easy reading of the
graduations. There is a three inch magnetic needle, and its ring is
divided to half degrees. The telescope is 7}4 inches long, with object
glass fifteen-sixteenths inch in aperture, and shows objects erect and not
inverted. A sensitive level, 4} inches long, is attached to the telescope,
for reading angles of elevation and depression, levelling, etc.  The
tripo’ ic furnished with an adjustable head for precise plumbing of the
instrum. nt cver a centre; and the wooden legs of the tripod are made
in sqch a manner as to form one leg when folded together. The plates,
vertical circle, etc., are provided with clamps and tangent-screw move-
tents; and the clamps on the axis of the telescope are arranged with
sighting ... .> nd indexes, so as to answer also for right angle sights.
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The numbering of the compass ring and horizontal limb, instead of
being in quadrants from o° to go* each way as usual, is a continuous one,
or from 0" to 360°; but every quadrant of the horizontal limb .is also
marked with its magnetic bearing, . ¢., from 0° N. to 9o° L., every ten
degrees is marked N. E.—from go° L. to 180° S., every ten degrees is
marked S. E., etc. ‘lhe advantage of this arrangement is, that, if at
starting, the vernier of the horizontal limb be set to read the same bear-
ing as the ncedle, the needle can be screwed up, and both the angles and
--—————magnetic bearings-read—from-the-horizontal—timb; withoutusing the
needle for the remainder of the survey, thus precluding any error from
local attraction, reading from the wrong end of the ncedie, or loss of
time in waiting for the needle to settle. The telescope, though short,
is a very powerful one, magnifying and having the clearness of an ordi-
nary 17-inch level telescope. A reflector for illuminating the cross
wires in dark places is used, as is also an extension tripod leg for lower-
‘ing or raising the instrument. All the working parts of the needle-
lifter, clamp and tangent screw movement are concealed between the
plates, making the instrument more compact. A prism and tube for at-
taching to the eye-picce of the telescope, fof sighting vertically in shafts,

tripod, is about §}% pounds; the weight of the tripod is 334 pounds; the
height of the instrument from the tripod legs is 7 inches; the extreme
diameter of plates, 5 inches; the diameter of the horizontal plate at the
point where verniers and graduations meet, 414 inches. The instru-
ment and tripod head are packed in a box 7}4 inches square, arranged
.with straps to allow its being carried over the shoulder in the same man-

as a cane. Though these instruments have been specially designed for
mining use, yet from their lightness and compactness they are also
meeting with favor for geological surveys, and for preliminary railroad
reconnoissances; when used for these purposes, an extra pair of hairs

sides the ordinary cross-hairs, is added.

The same manufacturers make a very convenient Plummet Lamp,
for underground work. It consists of a brass lamp, suspended by two
chains, and terminated below in a conical plummet. The so-called
compensating ring is an equatorial ring, surrounding and supporting
the lamp, which swings freely within it, upon an axis. The two chains
are attached to this ring at the extremities of a diameter perpendicular
to the axis. By means of this arrangement, the point of suspension,
centre of lamp flame, and steel point of plummet always lie in a true
vertical line, no matter how much the brass supporting chains may alter
in length from the heating of the Lamp, kinking or wearing of the links.

. A shield at the top prevents the flame from burning the string. These
Lamps are generally used in pairs for back and forward sights.

Drifton, both members of this Institute, have used this instrument with
satisfactory results,

1s_also furnished. The weight of the instrument, exclusive of the §

ner as an army officer’s ficld glass, while the folded tripod legs answer

for stadia purposes (i. ¢., measuring distances without chaining), be- |

I understand that Mr. McNair, of Hazleton, and Mr. Coxe, of

‘

- obstacles.
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Use of the Plummet Lamp in Underground Surveying,
(From Van Nostrand's Engineering Magazine
A paper read at the Boston meeting of the American Institute of
Mining Engineers, by Yckley B. Coxe:
In the anthracite coal regions of Pennsylvania the custom has been:
to sight either at an open light (gencrally a mine lamp), or at the string

'}——of—a—plumb-belﬁlfffthe—staﬁon-wasﬁnten'dedﬁcrbe‘a'perm’.mem— One, a

spud, as it is called, that is, a nail resembling a horse shoe nail, with a
hole in the head, is driven into the timbers over the station, or, if there
be no timber, a hole is drilled in the coal or rock roof into which a
wooden plug is driven, which serves to hold the spud.

The first operation in making a survey, is to lay out the stations,
that is, to mark the place where the holes are to be drilled for the points
on the timbers where the Spuds are to be driven in. This should be
done before any instrumental work is begun, as much labor can gener-
ally be spared and the use of veryshort sights can often be avoided, by
carefully laying out the stations beforehand. When the stations were:
laid out, a plumb-bob was hung from the innermost spud, which I will,
call No. 1, the instrument was put in position at No. 2, by plumbing
down and putting a centre pin under the spud, and then setting up over
the centre pin, and another plumb-bob was suspended from No. 3. If
great accuracy was not required, a mine lamp was set up under the
plumb-bobs at No. 1 and No. 3, and the engineer sighted at them. If
great accuracy was required, a lamp or some white surface was held by
an assistant behind the strings of the plumb-bobs. To work with any
speed by the latter method (i. e., the accurate one), it was necessary
for the engineer to have three assistants on whom he could rely, even
when the chaining was done afterward, viz. : one to hold the light behind
the string at No. 1, one at No. 3, and an assistant at the instrument to
hold the light while leveling, reading the instrument, etc. When using
lamps on the ground it is necessary to examine them from time to time
to seé that they have not sunk in the mud or turned on one side, etc.:
besides, the flame of a mine lamp is a very large object to sight at, and
sometimes it is impossible to see it on the ground (when it can be well
seen two or three feet above it), in consequence of some intervening
Being so situated that it was necessary for me to do a certain
amount of accurate work, where I could not rely upon having more than -
one competent assistant, I had the plumb-bob lamps constructed, and I
work with them with a single assistant in the following manner:

When the stations have been laid out, I go to station No. 2 with the
Transit, and by means of the plumb-bob belonging to the instrument,
I place the centre pin, (a small block of lead with a steel pin init,) pre-
cisely under the spud No. 2; I then remove the plumb-bob and set up
my ir.trument.  'While I am doing this, my assistant takes the two
lamips, si:spends one from spud No. 1, and the other from spud No. 3,
and then comes back to hold the light for me while I make the final ad.
Justments and take the readings. My instrument is graduated to 360°,
and has two verniers 180° apart. I set the vernier at zero, and sight
backward: ., 'imp No. 1. The flanie is very small and has a blue cen-
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___not be equally satisfactory if water be dripping abundantly upon the up-
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circle, 4% inches in diameter; a three-inch compass-needle; long com.
pound centres; height of the instrument from the tripod legs, 7 inches;
weight in all, about 5% pounds; besides a tripod of 3)4 pounds. At
that time a prism and tube were provided to attach to the eye-piece of
the telescope, for sighting vertically upward in shafts; but (as, not-
withstanding Mr. Hoskold’s argument* that sighting a telescope up a

shaft gives the same angular result as sighting down it, the sight can-

COMMENTS OF ENGINEERS. é’\l

Indeed, it is quite incomprehensible how anybody in undertaking
to write up “The Evolution of Mine-Surveying Instruments,” with
special allusions, moreover, to nearly every other surveying instrument
directly or indirectly, even very remotely, connected with them, could
have wholly failed to discover and mention an American establishment
so prolific in important improvements in that line and so eminent in
every branch of their business. The firm was established after the
death of Wm. J. Young in July, 1870. The head and soul of the firm,

turned object-glass) by ——, a side-telescope was adjusted so as to be
parallel to the central one, and was placed removably at the end of the
main telescope axle opposite to the' vertical arc. The effect of the ec-
centricity of the telescope can be corrected either by computation, or,
“more conveniently, by using a lop-sided or a double target. Mr. Hos-
kold** speaks of Combes and “the use of his double target.” But it
does not appear that Combes ever used a double target, or even a lop-
sided single one. The double target given by Scott in Fig. 23A*** ap-
pears to be of decidedly later date. Heller & Brightly later replaced the
side telescope by an auxiliary top telescope,, supported by two pillars,
fore and aft, upon the main telescope; for the testing of the adjust-
ment is far more convenient than with a side telescope, and a counter-
poise, though quite feasible, yet so liable to be lost by a fallible mortal
of a surveyor, is less necessary on account of the less serious effect of
the weight of a top telescope, from its not tending to pull itself and the
main telescope away from the coirect vertical plane. The sights taken
with the auxiliary telescope are, of course, comparatively very few, and
at other times it is packed away with its pillars in the transit box, or in
the surveyor’s satchel, leaving the instrument wholly unincumbered and
free from uneven wear of the centre, even if there be no counterpoise.
In using a top telescope, the correction of the observed angle for eccen-
tricity from the centre of revolution should not be neglected, especially
in short.sights; most conveniently by computation or by a small table.
A small removable metallic reflector in the shape of a quadrant of a
cylinder, to facilitate the reading of angles, was applied just be-
hind the vernier opening; also there was a small adjustable lamp-stand
easily fastened upon one leg of the tripod, and quickly set so as to
illuminate the cross-wires of the verniers. These last attachments are
likewise useful in astronomical observations with the larger transit, in
determining the true meridian.
~ Such, at that time, revolutionary improvements in transits well de-
served generous encomiums of Prof. J. B. Davis, of the University of
Michigan, in describing Heller & Brightly’s exhibits at the
World’s Fair. He says:

“I think their most valuable contribution to the advancement of their busi-
ness is the spirit of invention and adaptation which they have awakened amongst
their competitors. * * * One is surprised at every point, in examining the
work of this Philadelnhia firm, to see the extreme care and judgment with which
every detail is worked out. One cannot well help referring the work of other
makers to theirs as a kind of standard with which to compare it.”

® Rem. on Mine-Surv. Inst., p. 26 (Trans., xxxl,,—). * hamr XXia., 972

o5 Tyans., xxviil., 706

4

Mr. Charles S. Heller, had been fifteen years with Mr. Young, the
last five years of Mr. Young’s life as his only partner. Mr. Brightly
was one of their most skilful workmen. Mr. Brightly retired from the
&rm in 1889, and died in 1893.

Improved Method of Measuring in Mine Surveys.

In making surveys in the anthracite coal regions of Pennsylvania,
the ordinary engineer’s chain (50 or 100 ft. long) is generally used,
botl] above and below the ground. Sometimes, where it is difficult to
chain, as, for instance, across a chasm, a wire is stretched from one sta-
tion to the other, the distance is marked on the wire and its length is
then measured with the ordinary chain. Having had occasion lately to
make some surveys where it was necessary to determine with great
accuracy the position of the land or property line, not only in the gang-
ways or levels, but also in the breasts or chambers, the coal on the
north side of the line belonging to one party and that on the south side
to another, and as it is very difficult to measure up the breasts or slopes
with accuracy, and to make the proper allowance for the pitch of the
vein (the true horizontal distance being, of course, the product of the
distance measured with the chain by the cosine of the angle of inclina-
tion of the chain), and as the ordinary method of chaining up or down
steep slopes on the surface, by holding a portion of the chain horizontal
and plumhing down from the high end, would in most cases be very
difficult and dangerous, and sometimes impracticable, I determined to
adopt a new plan which would do away with most of the above diffi-
culties, and by which I could eliminate many causes of error from my
ordinary chaining.

My first idea was to have a fine steel wire rope, about 300 ft. long,
stretched as much as possible in making, so as to do away as well as I
could with that source of error, and then to have it graduated every
ten feet. I proposed using small brass tags of different shapes to desig-
nate the difTerent hundred feet thus: )

0—100 a triangle.
100—200 a square.
, 200—300 a circle, etc.
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The numbers of the ten feet spaces were to be marked by drilling . TABLE - = > °
small holes in the tags. T intended to use this for the principal linesof f i | Be ] 2. | &, |2eg|Eus| Bg | 22 £ed |5%8
my surveys and to use the chain only for lines which were not of great ff g {_ A" £3 4 |22 | &3 325 | Bea Eg 51 |zEs ,@gg
importance, _ . 3 |aum| Len ) & A& g |8a |48 S | 29 |&®S b«
"~ When I called upon Mr. Heller (of Heller & Brightly, the instry.

)

ment makers, of Philadelphia,) to order this measure, he suggested
that it would be better to use instead of a wire rope, which would §
stretch, the bands which are manufactured for hoop skirts; they are §

- made of tempered sieel, are very light, and will not stretch sensibly,
. After consultation with him, I decided to have the tape measure con- |
structed which is now before you. It is 500 ft. long and weighs 2 Ib, k.

Eazol-h.il-i

7% oz. It is a ribbon of tempered steel, 0.08 inch wide, o.015 inch 3 B 23391 9001' ~lamir | 210 29633 | o01.66 o LT T
thick. At each 10 fect a small piece of brass wire is soldered across the [ & B | = 590217 | 44D Lorecf SH91 | 66175 1. N R
tape, the solder, which is white, extending about one inch on each side f 3 40T | 100 | Bha [ a0ss | o [t vanan | oo | e
of the wire. In the latter, a small notch is filed, which marks the exact 2 [-~=| © E@?ﬁ]ﬁé&fﬁﬁ' 248,57 | 2688.67

point where the ten feet ends. The exact distances from the zero point Difference-+0.20; Difference 0.00

of the tape are marked upon the solder by countersunk figures. The §
white solder enables one to find the ten feet notches very easily, and, no
matter how dirty the tape may be, by wiping off the solder with the §
finger, the distances are easily read, as the countersunk figures, being ¥
filled with dirt, stand out upon the white ground of the solder. The o

and 500 feet marks are not at the end of the tape, but near it, and are
also denoted by a notch filed in a wire soldered to the tape.
- The tape is wound upon a simple wooden reel, ten inches in diam- TABLE 11
eter, which is held in one hand and turned by the other. At first some A . :
difficulty is experienced in winding up the tape, but a little practice soon . o
overcon):w it, I)Two brass handles, which cgn be detached‘,) accompany 5 Jooto :-%é?; 580 50 ﬁ%‘i% [
the tape and are carried upon the reel. k2 1B ) 531 25 R
Description of a survey made with the tape.—The instruments used 11 | 35085 1000007 | 15790 frormermee
were one of Heller & Brightly’s new 1r-inch transits, * 2 plummet 5 o — 1057 g;?:g
lamps, the 500 ft. tape and a 5 ft. wooden rod divided into feet and 1 (B0 Locosiii| T ahoter | 13708 04578 1 31622 || 148662 fovveemee
tenths. The latter is used to measure the distance from the nearest ten 8 | o4 Z 1w | 28160 7007 6428 | a8LB || 21622 ;
feet to the station. There were two closed sets of lines or surveys, one 8
set entirely above ground, but through the swamps and brush of the H
anthracite coal region, and one partly above ground and partly in the 8 I
mines. The latter began at a point in the swamp, went overground 1

2400.57 ft. to the mouth of the slope, then down the slope (pitch 37
deg.), 276.99 ft. (horizontal distance), then along the gangway 4272.0f
ft. which formed one-half of an ellipse, then up through a breast (pitch

iy

; A A o] =15:2038° | 10795 [ceeeerinenes X
about 34 deg.) 275.44 ft. (horizontal distance) to the bottom of an air e Lonoom: | 128 s St
shaft, then by two plumb lines to the surface, and then through the 23.00 st sl [ - v ]
swamp 141.83 ft. on the surface to the point of beginning. The length " e W ey} R
of the periphery of the first closed figure was 6660.19 ft.; that of the Lo | am Zhal

. second 7366.84 ft. Tables I. and II. show the details and calculations 857 | 9D Lo 7 L

0.05'] 216020 'vervcia
of the two surveys:

e
1565.85 |1665.87 205217 |22181.60 —
Difference—0.02 Dlﬂerenee-l-o.&‘ [

¢ Five inch Maguetic Needle. Telescope, 10¥ iuches long. Telescope erecting and magni
fylng, 28 diameter:

~
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From these we see that the total errors were in the

Sine. Cosine,
First case..... ceeenn teenesesess 4029 0.00
.Second case.................. .r .—0.02 +40.62
This is very accurate work, for this kind of mine surveying. We
mzltde three other surveys on the same property with equally good re-
sults.

one at each end and one to take off the distances and note them. The
hind chainman should be a reliable man, as he must hold the zero point
of the tape exactly at the nail in the stake, or alongside of the cord to
which the plummet lamp is suspended. The front chainman has merely
to stretch the tape and to see that it passes exactly over the front station,
The third man, who carries the five foot rod, starts from the rear station
and notes the distances of the breasts, etc., as he goes along until he
arrives at the forward end, where he notes the distance of the station
from the last one. In measuring distances‘of over 500 feet, a tem-
porary station is made at 500 feet exactly in the line to be measured.

Advantages of the tape.—First, greater facility in measuring up or
down slopes, breasts, etc. Second, greater accuracy in measuring from
one station to another, as the tape forms a straight line from one station
to another, and as there is no error from the use of pins. Third, the
tape does not stretch appreciably.

. Disadvantages.—First. It is liable to break unless carefully han-
dled. Second. It is necessary to roll it up and unroll it, when the dis-
tances between stations vary much.

The tape can be easily mended by any watchmaker when it breaks,
and Messrs. Heller & Brightly make a small sleeve of brass, tinned in-
side, in which the ends of the tape, when broken, are slipped and then
soldered fast by merely heating the sleeve with a red hot poker. They
also have little brass clamps " fasten on the tape to mark any point
which is to be. used several times.

When the men become accustomed to the tape they wind it up and
unwind it very quickly.

There are three sources of error which may be referred to, viz.:

I. The extension of the tape by stretching.

II. The shortening of the tape in consequence of the tape assuming
the form of the catenary curve,

II1. The contraction or expansion due to the change of tempera-
ture. -

As stated above, the tape does not stretch appreciably, but this error
being in the opposite direction is, to a certain extent, compensated for
by the shortening due to the formation of the catenary curve by the tape.
I subjoin a table, calculated by my assistant, Mr. Edgar Kudlich, show-
ing the shortening of the tape due to the latter canse ‘The tension in
practice is from 30 to 40 pounds. :

In-measuring-with- the tape it is better to have at least three men, :1
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TABLE IIL

tape is subjected to & tension of (or chord of the cahtenary
Truo distance when tape eurv"o furmed by a tape).

. ) . l

ding to the table given by Haswell for the expansion of steel,
a tap‘:“r:fx(e);surg 500 feet longg at 32° Fahr., would become 500.6 feet long
at 212°, so that a variation ;)f 60° in temfpe:a;ture would only cause a

iation of two-tenths of a foot in a 500 feet tape. )

vmalnmc‘onclusioh, I would advise the use of the tape for all 1mporttlant
work, while the chain should be used for filling in details, and where
accuracy is not absolutely necessary.

DISCUSSION.

: remarked, in answer to questions, that no correction was
applilgir foct? }zgmperature: and no allowance for stretching of the wire
ribbon. He thought its extension was practically nil. . q

Mr. Raymond commented on the fact that, while mining an sur;
veying instruments of all kinds had been improved so much in rec(cl:p
years as regards accuracy and precision, the method of measuring dis-
tances—the chain—had remained the same. Nothing could b:h in-
herently more objectionable as a standard of measurement than a chain
composed of links which are liable to wear by friction.

1{&0!
pa
Measur® | 30 b, 20 1b. %0 1b, © b, 5 Ib. 6 b,
9074 99,9988 99,0993 99,9095 99,0007 !
'''' ‘._139913%_ 133._3731; 1999907 100008 | 1000067 | ek
T 2007143 | 200.9204 [ 2090687 | 2090824 200.0081 200001 i
""" 8994208 809.8327 80,9260 so0.0063 | 83390738 3us.2u18
""" 499.6775 109.6732 499.8551 499.9183 490.94
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s‘pying and capstan-headed nut. At £, Fig. 1 itudi i
¢ s:g!nt-tube” is s}rown, which consistfs ofga piz?i;o&‘{;;usz't‘l?]asﬁtlg‘ll l(:fa '~
at f in the eye-piece, and vertical and horizontal cross-wires at §. 00]e 1
this sighting-tube the leveling-bubbles are placed at /, and in].l ok
Fig. 6. Under the sighting-tube can be seen the clamp’-serew Al,J :/!ll]igg :

SUNFILOWER.

which is in horizontal section about I1-32 inch less than a complete
circle, thereby permitting the clamp B to secure the tube d in a firm

ition when the disk is set on the centre axis of the tunnel in position
for measuring sections. The ball-and-socket joint is also shown in

Fig. 5- .
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is movable on the tube d. When the Sunflo i i iti i

clamp rests on the tripod-head, and the dj can be raised oo dearens

ck an%rhdes%red Bt p ‘, nd the disk can be raised or depressed
. e clamp B is shown on the enlarged scctign of the tripod-

Fig. 5. The black lines at # m represent a detachied piecel%(}dnl;:;(i:

*F16-2 face or Disc -

Figure 6 is a section of a quick-leveling socket and a plan of the
leveling bubbles.

This socket is a tube 5 inches long, closed at the lower end, except
a small hole, which is to allow a cord to be passed through, to which a
plumb-bob can be attached.

Two measuring rods are furnished, made of pine, one being 8 feet
and the other 14 feet long, 1 inch wide and 134 inches in depth, made
tapering in depth only from the centre to 4 of an inch at one end, to
lessen the weight, having a metal shoe on the taper end to prevent
injury when pressed against the rock face of the tunnel. The rods are

divided in feet and tenths.

DiIReCTIONS FOR USING SUNFLOWER.

The centre line of the tunnel is not preserved on the floor, where
.constant iravel would disturb it, but by drilling holes in the roof about
50 feet upart. Into these holes pine plugs 134 inches in diameter and 4
inches lo1.g are driven, and into each plug a horseshoe nail (with head
flattened and having a centered eyelet), is inserted. Through the eye-
lets, telegraph wire is suspended vertically from two plugs, and kept in
position by weights of about 25 pounds each.(a stone will do). A




€ SUNFLOWER.

horizontal wire can then be stretched between these two vertical ones,
and will produce a line close enough for rock sections. Over this hori.
zontal wire a tripod which has extension leys is set, with the disk de.
tached. The tripod is then made plumb and leveled by inserting the

o I Y e
: H

\ /

‘Fi6+-3-Back ofF Disc-

quick-leveling socket shown in Fig. 6. When this operation is com- |

pleted, the leveling-socket is removed, and the tube d is placed in po-

sition in the tripod head, and the disk raised to the required elevation §

by sighting through the sight-tube to a leveling-rod held on the bench,
and then fixed firm in elevation by the clamp-screw A.
The sight-tube is then turned in the direction of the vertical wire

ST I s

PIIIIIIIIIY. I////III”I/II

FiG-4- Secrion Ty DISC X HORZONTAL BOcES

in advance of the instrument, which can be readily seen by the use of a

lamp for that purpose, and fixed in positiun Ly the clamp-screw B. The

disk will then be on the centre line, and in position at rieht angles with B
the central axis of the tunnel. When more accuracy is required the line §

SUNFLUWER.

an be taken with a transit. The Sunflower is now ready for taking sec-
tions. “The “indicating-arm” is set at 0°, and the measuring-rod (pre-
viously described), resting on the indicator, is extended to the peri-
meter of the section, and the distance is recorded. Then the indicator
is moved to the next angle, the distance and angle recorded ; this opera-
tion being repeated from o° to 180°, when the rod is reversed and the
opposite half of the section measured in the same manner. A copy of
a hield record is shown in Table 11, and the plotting of the field notes
illustrated in Fig. 8. The plotting can be done with any protractor.

F16°5Ensrcep Secriov
THRoUsY THIFOD HEAD.

Table I is the form used in the field books for recording the loca-
tion of plugs driven in the roof of the tunnel for alignment. The first
column is the station; the second, the number of the plug; the third,
the elevation ; the fourth, the roof grade, which is twelve inches above
the intrado of the arch: the fifth and sixth columns, the height of the
plug above or below this grade; the seventh, the name of person setting
:!le plug; the eighth, the date; the ninth, the distance from the centered
ine.

TABLEI,
List oF THE PLUGs IN THE TuNNEL NorTH OF SHAFT No, 29
] ‘E 2
g =
[<J
Station s E ~ a ¥ & % g . Remarks
= = a% 13 & A &
1885

14824.44,19 i o | 19747 147.29 8.18 w| C.T.F. June 8 [e.
1H1485.7 . 17 18548 183,37 201 oneee C.T.F. June 8 o
N6 | 18 | 19242 191.46 096 |eeeses] C.T. Fs June 8 [.... Centre of shaft.
Miata874 | 19} su07 196.41 1.99 |.. M. C. June 12 |.....
WaLh5.00 | 20 1 205,77 29,97 201 | C.T.F. | June 12 |.... Iuside of shaft
M19418748 | 21 | M350 213.10 020 |.eeee H. ¢, June 12 |..e.
WI44048 | 21 | 28282 217.48 0.80 J..ovee M. C. Aug. 18 L. 8crew blown out
————
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Table IT represents a record of notes taken for rock excavation meas.
ured at two sections in the tunnel, with date and station of cross-sec.
tion. The first and second colunms give the angle and distance from
centre of the disk to the perimeter of the cross-section on the east side;
the second and third columns, a similar record for the west half of the
cross-section. Left and right can be used in place of east and west to
designate the division of the cross-section, but the latter is preferred, as
it eliminates any doubt of the direction a field party may have been

working-in when taking_the cross-sections, as_the axis of the tunnel ex.

SUNFLOWER.

61

from the spring-line is first marked on a sheet, then the centre of pro-
yractor put in position over it and pressed firmly down, which will pro-
ject the pins through the paper and keep it in position, permitting the
arm which revolves around the centre to be moved quickly to any point
desired for plotting the notes of the cross-sections.

In Table III the ficld notes plotted on Fig. 8 are arranged for com-
puting, the number of shaft, heading station and date of measurement
being recorded. Tt is separated in two divisions, one for the east and
the other for the west half of the section. The first column contains the

tends in a northerly or southerly direction. The note below the table,
“Axis 2.2 below spring,” indicates the elevation of the centre of the disk
when the cross-sections were taken. The area of the cross-section can
be correctly measured by setting the Sunflower at any point within the
plane of the cross-section. Some engineers prefer to set the centre of
the disk at a uniform elevation above or below the spring-line to give
uniformity of the working-line, as ordinates can be calculated, giving
the distance to the perimeter of section, a reference to which at the
time of taking cross-section will determine if the excavation has con-

formed to the section required. .
TABLE 1I,
November 18, 1886, December 21, 1858,
Btatlon 1483420, Btation 1482+20.
EAST. WEST. EAST. WEST,
Deg. Dist Deg. Dist. Deg. Dist. Deg. Dist.
(] 9.7 15 10.2 20 13.0 0 18
15 9.9 82 10.7 M 12.7 18 116
38 10.6 47 10.3 50 10.4 1.8
53 2.5 60 9.0 70 10.1 61 108
170 8.1 7 2.6 ] 9.1 68 98
86 7.1 105 6.7 09 8.2 2 8.5
108 7.0 13 6.7 17 1.9 w 8.3
129 6.3 145 5.7 140 8.7 110 74
150 b4 165 X1 I | I . 126 64
180 4.9 [ U | T 1650 6.2
f—— [ - - e Y - 180 48
Axls 2.2 below apring of arch. Axis 2.4 below apring of arch.

Figures 8 and g represent the notes recorded in Table II, plotted to 6
facilitate a correct computation of the areas. The form of the printed
sheets used for that purpose is given in Fig. 8, with the angle of cach &
measurement computed from the note.. given in Table II. All sheets §
for this purpose are printed on a scale nf 20 feet to 1 inch, the same f
scale as the arm of the protractor that is used .or plotting. The axis §

pumbers which cles1gnate*thra’nglrtakenrand—the—second—the—faetors
required to compute the area of a-triangle, which are the length of two

Fr6:6
QuicH LEVELING SoCHET
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sides and the included angle; the third column, the logarithm of the
factors ; and the fourth, the area. The westerly half is calculated in a
similar manner ; the amount of the two added together and divided by
2, will give area of the whole section. To diminish the labor of taking
off the logarithms. two tables are prepared on separate sheets, one con-
taining the copy of the logarithms of numbers from 1 to 20.9, advancing
by tenths, and the other the logarithmic sines from one to sixty degrees,
advancing by single degrees. The sheets in size are 8x10 inches. The
sheet {0 contain the logarithms of numbers is divided into twelve col-
umras, the ten intermediate columns being headed by the numerals

‘I to 10, the first and last containing decimals 1 to 10, and the

ten columns between containing the logarithms. The sheet is sepa-
rated into two parts, permitting the logarithms from 11 to 20 to be
entered on the lower half. '
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On the other sheet is copj i ic si
er sheet opied the logarithmic sines from one to si
degrees. This is divided into cight columns, with the angles and :;::g

placed in alternate colunms. If the field notes are carefully plotted o,

the section sheets, the a i
sheets, rea can be computed quickly with a plan;
and the variation from the correct area will be lessythan two?te::l}?saf:;

the whole section. ‘The time required to measure a section of the tunne .

with the “Sunflower” is from six to ten minutes. It was desi

éx:eg Craven, a division engineer on the aqueduct. The ;legng?l(tl g)t,' ﬁlle

¢ l:s , {ncludmg.all attachments, is ten pounds, and the tripod head, with
e tripod, having extension legs, 10%4 pounds, making a total of 20Y%
ounds. It is manufactured by Heller & Brightly, of Philadelphia.

W0 m Py . . p
e easuring-rods, eight and fourteen feet long, go with the instru-

COMMENT OF CUSTOMERS AND PRESS.

The Sunflower Tunnel Cross-sectioner.
From the Engineering News

As engineers well know, the testing, or cross-sectioning, of tunnel
work is a tedious operation under ordinary methods and where accuracy
is required. In the construction of the Croton Aqueduct, Mr. Alfred
Craven, M. Am. Soc. C. E., and now Division Engineer for the Aque-
duct Commiission, suggested a form of instrument for this work that
has-been-put-upon-the-market-by Heller-& Brightly,-instrument-manu-
facturers, of Philadelphia, Pa. The original instrument employed on
the Croton Aqueduct was fully described in Engineering News of July
26, 1890, but its design and construction have been modified consider-
ably, as will be seen by comparing the accompanying illustration with
that published in our previous article. For this reason, ard also because
it is an unusually compact and convenient device for its purpose, we
describe it briefly in this issue. (For illustrations, see pp. 53 and 54.)

The prominent feature of the instrument is a wooden disk, 14
inches diameter and !4 inch thick, braced at the back to prevent warp-
ing; and from this disk the device takes its trade-name of “Sunflower.”
This disk, graduated on the front to degrees, numbered from o to 180,
is supported vertically by a tubular rod, on an extension-leg tripod fitted
with a quick-leveling head. Attached to the centre of the disk is a re-
volving, metal shod, wooden “indicating arm,” and on this arm slides
a graduated tapering wooden rod either 8 or 14 feet long. These rods,
however, may be of any length. Those used on the Rapid Transit Tun-
nel, in New York, are 20 feet long. Through the disk and attached to
the tubular support is a horizontal sighting tube, with cross-wires,
which enables the user to set the centre of the disk accurately upon the
tunnel axis.

In use, the tubular support is set exactly plumb by two small levels
at right angles to each other. The disk can then be adjusted to any
height and secured by clamp-screws; and with its centre upon the tun-
nel axis, the mecasuring rod (placed on the indicating arm) measures
the distance between the centre of the disk and the perimeter of the
tunnel at as many points in that plane as may be desired.

The disk with its attachments weighs 10 pounds, and the tripod
and its head weigh 10Y4 pounds, making 204 pounds of total weight.
In the Croton Aqueduct tunnels from 6 to 10 minutes were sufficient for
measuring a section. As the angles and distances are conveniently
!}lotted with a protractor, the area can be measured with a planimeter.

his device is also useful for testing masonry arches after the centres
are struck, and for this purpose a vernier is placed upon the indicating
arm for more precise measurement.
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140435 29161 1.45532 a8.554 Having no salesmen or agency stocks to increase the selling
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GENERAL CHARACTERISTICS OF HELLER & BRIGHTLY
. INSTRUMENTS.

~As an introduction to the following descriptions of H;W&“]{” [

instruments, a few remarks are necess i i
ary on their constr
and stock features. Y uetiona

Constructional Features.

The Exclusive Detachable Leveling Head. H. & B. transits and
levels are all of this type. The leveling head is detachable from
both trausit proper and from tripod head. It may be left on head
or slipped into Its proper place in carrying box when not in use
The union clamping arrangement is rigid and well constructed,
The transit can be taken off or put on without disturbing any of
the permanent adjustments. When together it is as rigid and
strong as any affixed type could possibly be.

The advantage of the detachable leveling head is in its con-
venience. TI. & B. instruments can be set_up and leveled before
the fixed type with its sliding base is hardly clear of the hox. This
arrangement also allows one man to carry the instrument proper
and the other, the tripod and leveling head, thus distributing the
carrying weight. Where the work necessitates frequent setting

up, or where the working space is limited, as in i
vhe shaft 3
feature is invaluable. ' fis, ete, thi

Erecting Eye-piece. There are two points in the field instru-
ment used in Europe to which the American engincer cannot be-
come habituated—three leveling screws instead of four and an in-
verting eye-piece. We would say that even the Luropean engi-
ggg;stl; after using the American instrument, lose their love for these
. Besides the great advantage of the erecting eye-piece in view-
ing the Image erect, the modern achromatic lens combination gives
a field of view and strength of light equal to the inverting eye-
piece for all practical purposes. The advantages of an inverting
eye-piece are more theoretical than practical.

The H. & 1. stock transit has an erecting eye-piece. The in-
verted is furnished when specially ordered at no additional cost.

Accessibility of the Compass Needles. The compass needle is
convenient and quick of access for insp ction and balancing. The
ring with affixed glass pries off its base by geutly pressing upward.
No springs, wax or split rings to hother theeng.neer, who neither

a6
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has the tools nor experience for such work, which generally comes
under the province of an instrument manufacturer.

Verniers Directly in Line of Sight. Ilorizontal verniers are
placed under the telescope, directly along the line of sight. The
extra large openings allow the maximum of light. Their glass cov-
ers (French plate) are raised, making them easy to keep clean from

accumulations of dust and moisture, so-hard-to-rem
old sunken well type.

The verniers, for reading the horizontal limb, are placed di-

rectly under the telescope, or at the north and south points of the
vernier plate, so that after sighting through the telescope, the
engineer can read the vernier under the eye-end of the telescope
without changing his position.

The verniers for reading the horizontal limb are usually placed
between the standards (or at right angles to the telescope, i. e,
east and west) or at the southeast and northwest points, between
the standards and the south and north points of the plate respec-
tively.

i’n the first case (where the verniers are between the stand-
ards) the engineer, in order to read the vernier, must wglk.around
the tripod to one side or the other and in doing so he is liable to
shake the instrument.

In the second case (where the verniers are placed at the 45°
points) the observer must either change his position, or else he
must read the vernier obliquely, with risk of error through paral-
lax. In reading, the observer’s eye should be placed precisely over
the graduations, and if the magnifier is used, this must be held
parallel with them, for if not so held, parallex or apparent shifting
of the graduations from their true place will be the result.

Rigidity. Being of rigid construction, adjustments are retained
under adverse conditions and rough handling, such as construc-
tion and location work. The weight of the composing parts is re-
duced to the minimum without sacrificing rigidity, without which
no engineering instrument is practical.

Aluminum as a Material for Surveying Instrument Parts.
We have given this subject a great deal of thought for the last
fifteen years, but up to date no alloy of aluminum has been made
that will replace bronze metal for the manufacture of “precision
instruments.” We have experimented with at least one hundred
different alloys, but so far with no success. ‘Aluminum in its pure
state caunot be used at all. Tt is as soft as lead, and no condensing
unde tlie hammer will harden it sufficiently for use. In the pure
state it is tougher than copper and can neither be turned, filed,
drilled, tapped nor finished properly. TIts coefficient of expansion
and coutraction is such that a transit or level would not keep its
adjustment three days in succession in our varying climate. At
every cha .- of temperature, of say ten degrees, the entire instru-



N g STOCK FEATURES.

ment would have to be rcadjusted. You can see from the above
th?t there are “lions in the way” apainst its use, for, as Professor
Hilgard, of the United States Coast Survey, said in speaking of

aluminum as a material for surveying instruments, “It will not do
to sacrifice accuracy for portability,”

Stock Features.

Graduations on Solid Silver..
.zontal and vertical circle are upon i
not corrode and discolor
do those on brass.

The graduations .of the hor.
nlaid sterling silver, which ¢,
when exposed to gaseous atmosphere, 35

Dust Guards. The leveling screws,
and the telescope objective slide are all P
of dust and rain guards

the three tangent screws
rotected by complete sets

.
Improved Quick Cross-Wire Focus. TFive thread movement
gives immediate and precise focus to cross wires, All parts are in-

side. No gumming, sticking or lost motion. Eye end cannot be
knocked or jarred,out of position.

Special Finish. Standards, telgscope, plates, etc., are hand pol-
ished and heavily lacquered. This finish is a beautiful dark bronze

color, which prevents temporary blinding by reflected light rays
common to the natural bright color.

Right Angle Sighting Slits. All transits with vertical arcs have
opposite sighting slits, similar to those on a surveyor’s compass,
which are used as follows. When the 0° of the vernier cuts 0° on the
vertical arc (or circle) and the index on the opposite clamp is made
to cut a line that will be found on middle brace of standard, a right
angle sight is obtained through these slits. This arrangement is

used for offsetting right angles, etc., without changing the set-up
of the horizontal verniers.

. German Silver Tangent Screws. All (3) tangent screws ure

of German silver, individually fitted and of fine movement, having
48 threads to the inch.

Quality of Composing Parts. All metal is hard, red brass. On

the instrument or tripod there is not a single part of cheap, soft,
pressed yellow brass,

Serviceability. Each of the above refinements peculiar to
. & B. instruments means additional manufacturing cost, but in-
creases their -accuracy, desirability and lengtl, of service.

The Parts of a
Heller @& Brightly Instrument

Nt S TN R

Refer to descriptions on the following pages.
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- perfect balls, which work and are concealed in a socket k.

DESCRIPTION OF INSTRUMENTS.

TRANSIT.
(See Illustration for explanatory letters.)

a.—Dust and rain-guard to object-slide of telescope.

dust, grit, etc.; this settles on the slide and is carried into the main tube
of the telescope, rapidly wearing the tube and the slide, destroying both
the accurate projection of the object-glass in a straight line and the
truth of the line of collimation. Dampness and rain were also admitted
inside the telescope, dimming the glasses and settling on the cross:
wires. This arrangement @ is a perfect safeguard against all these
evils. The parts f and g are also dust-guards to the leveling-screws K

b—The vernier-plate tangent-screw. This tangent-screw has also
a dust and rain-guard. This has a German silver spiral opposing
spring. .
P (gBoth the tangent-screw b and the one moving the axis of the
telescope (seen just below #) are provided with an arrangement for
taking up “lost motion,” or wear in the screw. See pamphlet, page 65,
Report of Comm. of Civ. Eng.)

¢.—Ivory reflectors over the glass windows of the two verniers p.
(The second vernier p and its ivory reflector ¢ are on the opposite side
of the horizontal plate P.) ]

(All engineers must have noticed the difficulty of reading the ver-
niers p on a bright day, this difficulty being caused by the glare o1 the
silver surface, which renders necessary the shading of the verniers by
the hand or a hat. The ivory reflectors ¢ remove this annoying glare;
they are also inclined at such an angle as to throw a soft white light on
the divisions. In mine surveying or night observations light from a
lamp or lantern falling on these reflectors allows the divisions of the
horizontal plate and its verniers to be easily seen and read.)

f.—Dust-caps for protecting upper parts of leveling-screws K from
dust, rain, etc.

g.—Stuffing-boxes for protecting lower parts of leveling-screws K
from dust, rain, etc.

k.—The lower end of these leveling-screws K are so made as to be

By this means, while using the leveling-screws K, a smooth,
equable motion is had without indenting the lower parallel plate S, on
which they rest, and also facilitating the use of the “plummet shifting
plate” d.

d.—Shifting plate o tripod head, for precisely setting the plummet
of the transit over. a point on the ground after approximately setting
the plummet by means of the tripod legs, tlie plimmet being suspended

from the centre of the instrument at J.
70
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Q.—New form of tripod leg, in which the wooden le, incloses
the brass cheeks of the tripod head, the leg being tightenedgorQlor(l)gened
by merely turning the threaded wing-nut K. A screw on the end of the
through bolt prevents the wing-nut being screwed too far out and lost.

Note.—In the old form of tripod leg, in which the wood is inclosed
by the brass cheeks of the tripod head, trouble constantly arose, pieces
of paper or leather being resorted to to take up the shake occasioned by
the wood of the legs contracting in dry weather or by wear, and in

above new form of tripod leg all these annoyances are overcome.

It will be noticed that there is a “sighting slit,” similar to those in
the sights of a Surveyor’s Compass, in the vernier clamp of the vertical
arc; there is also a similar “sighting slit” in the opposite clamp 1. (This
slit, however, can be only Partially seen in the cut.) The use of this
is as follows: When the 0" (or zero) of the vernier clamp cuts 30° on
the vertical arc and the index on the opposite clamp made to cut a line
that will be found on the brace of the standard V, a right-angled sight
is had through the sighting slits. This is convenient for offsetting,
right angles, etc. '

h.—By turning the milled head h the eye-piece is brought to focus
the cross-wires at p,

The graduated vertical arc g has two rows of figures—one for
angles of elevation, the other for depression. The telescope can be set
perfectly level by means of the long-level bubble F F and the tangent-
screw (d) on the standard of the telescope. If an angle of depression is
required to be read, the vernier arm is made to touch the screw at the
left-hand end of the vertical arc g; the zero lines (or 0°) of the vertical
arc and the vernier arm will then agree. Then clamp the vernier arm
to the axis of the telescope by means of its niilled-head screw D. On de-
pressing the telescope the vernier arm will show the angle passed over.
If, after reaching the end of the arc, a greater angle than 60° be re-
quired, proceed as follows: Clamp the axis of the telescope by means
of the clamp R; unclamp the vernier clamp and move it back until it
again touches the screw R; loosen the clamp and again move the tele-
scope. By thus repeating the angle the entire circle can be read. It will
be observed that by merely unclamping the vernier clamp and the clamp
R from the axis of the telescope the telescope can be revolved in any di-
rection, as if it were merely a “plain” Transit.

B.—A ring surrounding the telescope, and carrying four capstan-
headed screws, two of them, p p, being at top and bottom, while the
other two are at the side and at right angles to pp; these capstan-headed -
screws are to be used in adjusting the cross-wires of the telescope to the

line o collimation.” The small holes around the heads of p p admit
the :n< of a small steel pin or lever to turn them in case adjustment id
necessury. Besides these four capstan-headed screws, there are at the
top and bettom of the telescope two other capstan-headed screws SS;
these lattes are for adjusting the two slides carrying the stadia wires,

It may be as well to state that, as the slides to which these wires are

amp-weather the swelling of-the-wood-also-creating-difficulty—In-the


















* o2 SPECilMCATIONS.

Dimensions of polished carrying casc proper, It inches long, 8 inches wide,
12 inches high.

Dimensions of transit outside shipping box, 12 inches long, 9 inches wide,
13 inches high.

Dimensions of tripod (straight leg) shipping bux, 57 inches long, § inches
wide; 5 inches high.

Dimensions of tripod (extension leg) shipping box, 41 inches long, 5 inches
wide, 5 inches high.

SPECIFICATIONS. 83
*Transit No. 3B, as described above a i ;
1 , , and as illustrated by cut on pa,
fl‘ran_m'tl I:!o.lg;C,l as descqbeq for No. 3B, but with half ( 1800 (lgce b 19500
;:;tt:l:;ie Lfl‘l: e (.l‘/z'llnchcs in diameter.  Graduations upon silver, wit lr:eafl)-
Justable p ou)evcrnur .('s.ohd picce of silver) reading to .‘:ingle$
Pt Mo aD, s deseribed fo.r . N .......... RRSTITIETIRTERTTE: «v..$208.00
ansit N s ribed 0. 3B, but
vertical circle 42 inches in diameter. 8raduatio:;t!:pé:"sil(vseﬁro sglei rgfl)
, -

lustnble ﬂap double vermer ( sohd plece of sllve' ’ leadlllg to sl]‘“'le
minutes ...... $3 00
13.

For additional price of magnetic variation plate, fixed or adjustable stadia
0y

cess e
PR R A R
............
DR IIRY

__Solar attachment, cross wire reflector, extension tripod, etc., see page 85

Specifications of Small Mining and Reconnoissance Transit.

This instrument we believe is the smallest practical complete light weight
transit obtainable to-day. Every part has been reduced and ribbed in order to
obtain the minimum practical weight to avoid sacrificing its rigidity, without
which no engineering instrument 1s satisfactory. ]

i ) Where portability is the prime consideration and diameter of graduated
horizontal circle and power of telescope of lesser importance, this instrument
is specially adapted for such conditions. .

It is compact and has a telescope that although short is very powerful,
magnifying 23 diameters. The eye-picce, designed for stadia work, has a flat
field and allows the maximum of light. In other words, this is a complete
transit in the fullest sense. Years of service have proven that it will stand
1_ip under rough conditions incidental to locating and .reconnoiss:mcc work.

his instrument is similar in outline and general construction to No. 1 and No.2
trans}i‘ts. having their every feature and being identical except as to size and
weight.

Telescope 7% inches, erecting eye-piece; 15-16 inch objective, magnifying
power of 23 diameters. Dust guard to telescope objective slide; 4%4-inch tele-
scope level bubble, graduated and of proper sensitiveness, with clamp and
tangent to telescope. Sixty degree vertical arc, 214 inches radius, with double
vernier reading to single minntes. Graduations upon solid silver.

Horizontal circle, 4% inches in diameter at rcading edge, graduated upon
inlaid silver with two double opposite verniers reading to single minutes. Extra
large vernier openings allow the maximum of light. Protected by raised, white
French plate glass covers, easy to keep free from dust and moisture.

Close reading 3-inch compass needle, easy of access, with ring divided to
half degrees. Numbering of horizontal circle and compass ring similar to large
No.1 transit. (See page 75.) Any special style or combination at no addi-
tional cost.

Telescope, plates and standards polished, dark finish, heavily lacquered
Tangent screws of German silver.

Plate level vials graduated and of proper sensitiveness.

Shifting center to leveling head for precise set up, under or over a given

c e ot e . e rIieTIas
ey L R
P S = " > R

P
2 PR

point.
Right angle sighting slits with index for offsets, on transit with vertical
arc or circle.

Tripod, round or split legs of straight grained ash, full length, rigid sted
shoes, head of aluminum alIO{. Wooden protection cap to head prevents in

_jury to threads from falls or knocks.

JAl metal parts of hard, red, cast brass, carefully fitted. On the whole out-
fit including the tripod, there is not a single piece of stamped or pressed, soft,
yellow brass. This insures the maximum of service.

_ Polished carrying case. Inside blocks afford convenient placing and_safcty

in transportation. Leather strap with hand grip, lock, key and hooks. Perm-

nent Y‘neumauc bumpers to bottom of box. ontains accurate steel point plun-

gne't. and magnifier, sunshade, telescope objective cap, adjusting levers, screw
rivers, etc.

e R TS T L
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* See note page 79.
t See note page 79.

Weight—Instrument proper ....
Leveling head (detacllable:i . o S:A jos.
Uripod—straight leg ................... . ll/‘ fos.
Ready for use with straight-leg tripod. . RN 12/4 :L):

Ready for use with extension tripod X
T e i csion. U pod......coviiiiinnn. eeees . 14 lbs.
lnst(rtwo btoxesd) about. .. g .. pd pa c !c'e.d. ready for shipment 61 Ibs
o e ) AU e o e .
(two boxes) about....... pod p .a c kedready for shipment 63 Ibs

Dimensions of polish i i
Y esone ¢ p ed carrying case proper, 10 inches long, 634 inches wide,

Dimensions of transi i ippi i
wide T e higl?nm outside shipping box, 12!4 inches long, 8Y5 inches

Dimensions of tri i ippi i
wide g o ripod (straight leg) shipping box, 57 inches long, 4 inches

Dimensions of tri i [ .
wide, 4 inches high. ripod (extension leg) shipping box, 41 inches long, 4 inches

fong T Tunnel Transit.
unnel Transit, with Telescope 17 inches in len
T . gth—lo, -
t(esrese, Sp:;?; nl\:xg:'elgc ne)edl}%. double opposite verniers ':g lcnooﬂfg:&? lci‘::b
tipod o5, 11 2nd 35, Franklin Institute Report. Price, including o
........ sesseere sttt arterenanes .00
Solar Transit.

Solar Transit—This is our re o
) g is ol gular “Complete Combi it
Lf:::hnﬁe}‘l:stmgtcchnti; (;Vltth Ithgladdictiio“ of the Saegmtl;;lee(}' ga"?;:li'tsgl';g
, Wl etachable and can be placed away i i
box when not in use, See page 25. Price, including t‘:lgoci“ thetrans:th oo'

Sunflower.

: Heller & Brightly's “Sunflower,” for cross-sectioning in tunnels and for

lesting masonry, with two measuri i
, 0 | uring rods—one eight f

S);;rt:::; feet lgng—roys divided into feet and temhsg of ae?;oatm?ot‘l’xgi
s can be furnished), with quick-leveling tripod and extension

legs to tripod (see : i i
sories, ready fog' usel.)????. 5 2 . .t'o . 61' ”[')acked n box with all acces-

Plane Table.

Plan \
detea c"ll'ggl& o(:|f1 the ﬁnost approved modern construction with Alidade—
B e e i s r S e 2 o
, important and time-saving i
ment, as do.ble the amount of field i e time
b | | work can be done in the same i
Te!:s‘égp;h'i otn‘lmary style of instrument, and with greater at:culra‘cl;:'“)e
, «xtra powerful, with vertical arc, and with adjustable Stadii
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gincers’ Wye-Level (see deseription above) in every respect excepting size and
weight—Ilength of ‘Telescope 1034 inches—aperture of object glass 1 inch—mag-
nifying power 28 diameters, shows objects erect, and will read face of a feveling
rod direct (i. e., without the aid of a target) at 700 fect. Ihis Leveling Instru-
ment fits the tripod head of the Mining Trausit, and one tripod, if need be, will
answer for both. The whole instrument weighs without tripod 2!'4 pounds. and
is packed in a polished box, 12 inches long, 4 inches wide, and 6 inches deep;
a strap is furnished to carry box over the shoulder in the manner of army
officer’s ﬁeldglnss:

Price, without tripod (where small Trausit tripod interchanges with Level) .$100.00
Tripod head and Jegs.......oovvinennns .,

B O e A aind

Ceesteresrieberaecannn ceesseses_ 10,00
. Extras to H. & B. Wye-Levels. .
_ : Fixed or adjustable stadia wires............ceciiinnienvniiininerinenss. $3.00
Short Focus luls teeevsienasse...One $8.00—pair 15.00
. Waterproof bag for protecting instrument from dust and rain. ...... veren .75
; Bottle of high grade center oil............ccovveevenn...... Ceereaaan .. .50
Three extension instead of regular, round or split tripod legs (when or-
ered with A NEW INSIFUMENE). oo iitiiiiit it iiiiiiiaraiiisriennranses 1200
Single extension tripod leg....vuvevuereunerenevunreonin 5.00
Weights of H. & B. Transits and Levels.
Large Intermediate Small 18-inch
Transit Transit Transit | Wye-Level
Weight of instrament proper! 1214 Ibs. 7 lbs. svs lbs, 8 Ibs.
Leveling head (detachable) .} 334 “ 2 * g " 4 .
'l‘rlpotl,fstratght or split legs| 635 * 6 “ 130 6§ “
: B Ready for use.......... el 23 * 15 “ 12y “ 18y
The Improved Heller @& Brlghtly Level. : Extension tripod...........| 10 * 8y v 1o v
. g f 11. & B. instruments
of the reasons for the forty-three years’ success o 1.8 strus .
is th?lc‘:fosc study given to the requi!'enlwnlls of the carefrl, lach;r.ﬁe lf::g:llsc';r ong General Specifications.
For instance, the test of years in hard service proves 11 . els st
and ri(:!id. insuring the muﬁh‘dcsnrcd m"'l"."'f.?fﬁx ott; i;g:;l?]t:;edntz‘,c the additional Large  [intermediate]  Smal \8inel:

H H patures as alunnm A , . o . A i . . -
welgll\ldtatl:;moglh%?sgtd:rg,nf;:cs ;ﬁered in the improved design, further guarantee . Transit T'ransit r ransit Wye‘ljt_!vei
this level. Eye picce ....... cevereene.| Erecting Erecting | Erecting Erecting

DESCRIPTION {v)l_agmfymgfpo;vyr cevesene| 28 lea.\m. 25 ’}dia.m. 23 (l6|agn. 33 /(!i:}m.
i | . T Piece for focusing ohective. lamceter ot objective. .. .. 14 m EES28 1n. 15-16 m. 1% 1n,
A. S“Ti g‘ll ::l'nee:lm cy?!::nc{: '5:5'..'.'&.'15"" ver g\l. l'll‘:g;:nt. Screw for lmrilunl:‘l’la mulﬁm‘t;]t Lq.;ngth of lclescope (revers- . ‘-"“‘_ .
B. Spiral Springs hold' telescope firmly in N Clamp :‘tf‘:e;"":r'fh clamps bar a ing) .o, | azin 9 in. 7% in. 18 in.
YeS . g Ti 0. Dust Guards to '““5“1‘ serews. Length of telescope level. .. 7 in. 5 in. 4% in. 8 in.
(r:i E‘mme lu 'b!":l::‘l‘:r 1': Eéye piece. 1. Thumb Nuts which tighten tripod "‘5" b Graduations for telescope
E. E;ue. f’|i‘c‘ce with quick-ihvead movement for R, Guar-l| Screws 1o prevent loss of thu level O v veeerennnnnnns G]as,? Glas§ Glus‘f Ger. silver
focusing croiww"lesﬁngg:" Sunerler 0 Automatic catch or snap which falls imﬁ Verniers read to...........| Onemin. One min. | Oue min. scale
e S ensitive Ground' Level, German sil- groove in socket whyn latter is place Length of compass ncedle. . s in. 3% in. 3 in.
B Lo araduated scale. o leveling head et falling off itk Compass ring divided to...| 3] deg. Videg. | 14 deg
" . H ' H t m : . . cC ‘
. crostl B Sty Wiee ot v il stistmet S S | [Dlameter of orizontal] © . .
Puct and ain Guard to object slide of T, Screw to adjust movable lug U. graduated plate .........| 6% in. 5% in. 4% in,
H. “::lcas:o , u safeguard against dusi evils. l\! kug wh‘:gil c}lglmmb:;ifil:'egt; for end of lev: Diameter of vcrtica_l cird_:lc. . s in. 44 in. 4V in.
L sm.,‘.lmgs sg:‘:clescopes, called Wyes from . u’ﬁi:& screws. l’]‘hey protect face of Price, complctﬁ WIlth lh'ihtl;
reir shape. arallel plate. ight tripod, plumb-ho
hich clamp telescope in Wyes. lower para | weigh pod, plun
k. ‘I‘:g:tgpéa:s:::-llceade'd Nuts for adjusting V. ,';f\:,'::-"' ;:ﬁ:lw Plate. and usual accessories....| 21700 | $20300 | $19500 | $i127.00
yes. X. L R
. GENERAL SPECIFICATIONS New Parts for H. & B. Instruments Liable to Accident or Loss.
R :2_ f Rar: 11 inches Weight of Level (without tripod): 12 Pm.'“‘!:" o . . X
iy %:i‘egslc':»l:; m:-‘hrr'on:mic. magnifying about 33 Weight of Tripud: 6 pounds; rigid, aluminu . The parts of 11. & B. Instruments listed below can be satisfactorily sup-
i diameters, Erecling eye piece, .lesigfmi-gl'w \vhf“l(nii of Level (ready for use): 18 pounds. plied withont the instrument being forwarded to us. In ordering be sure to
opisure flatngss of Bekd i ety o Tt ked in polished box, with sunshade an furnish the serial number of the instrument found under the letter S on com-
Stn’«:fam(%}ed, adjustable or disappearing) set adjusting pins. .
to read 1 foot_of rod at 1oo feet unless .
g otherwise gpecified.
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GENERAL REPAIR COSTS.

pass dial, consisting of four numerals as—8706. Also size of the inslrumcpg as
to length of telescope and needle, cte. This is essential for prompt and eflicient
service,  Whenever possible send us the broken part, which will positively
identify the picce and size. . ) )

Alf parts in this list are supplied with the understanding that (heir fit will
be as close as possible without us having the instrioment, .

Should a tangent or leveling screw, cte., supplied singly, fit too tight or too
loosely an instrument maker should be consulted—if impractical then the local
watchmaker or optician. I1f not available send the leveling head for the level-
ing screws, frames with nuts for the tangent screws, ctc. N

Do not ever under any conditions detach any of the main parts from the

GENERAL REPAIR COSTS. 91

Leveling head smilar to above, with regular tripod detachable) choj

of aluminum or brass head, round or split legs?. .. ( eeenn, ) . honce $40.00
Clamp screw to traveling lug. i, -
Union angle piece. .. ... e et ieeereia, e ;g
Leveling screw with ball and socket cup affixed (see note No. K} 2.50
Upper dust towers to leveling SCICWS. o i viiniinnnnnnnnnns, :35
Bell metal shifting plate with inside bearing for half ball................ 2.40

B

Telescope.

instrument, as centers, standards, horizontal circle, vernicrs, ete
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Parts should ¢ forwarded by regisiered mail to insure (lclivery.

In order to avoid opening many small accounts all shipments will be made
by Parcel-Post C. O. D. whenever possible, otherwise by express. ‘The prices
given do not cover forwarding postage, which will be included in the C. 0. D
total.

Parts and accessories not given below cannot be supplied unless the instru-
ment is sent.

Cost of General Repair Parts and Accessories to H. & B.
Instruments.

Tripods.

Shoes with screws, each. ... .. i i e $0.35
Leg, round or split, L 1 2.50

Head, aluminum or brass, eacl..........o..ooooviironrni0 0 eee. 600
Head, aluminum or bLrass with three pins, wing nuts, washers, etc., each.. 10,00
‘Through bolt, complete with washers, thumb nut, etc, each............. . 200
Thumb or wing nut, each.............. .40
Wooden protection cap with brass ring, cach............... cereeeinees.  LOO
Brass ring only, for protection cap, each................... Ceeraenan. . .50
Extension leg, each............. e eteeeaaa, et eeteeeere e, s 5.00

lamp for extension leg, cach.........oovvnon.... ceeees veeeen cieese.. L350

Sliding part, with steel shoe (wood), cach... .. e teses 200

Box.

Transit—complete “with inside packing, lock and key, side catches, four
pneumatic bumpers to bottom, strap and hand grip..oiiiiiiiiin... $875
evel—equipped similar to the above. .........o'ernnnonnon . T, ... 840

Strap with hand grip, heavy leather (6117417 T i 1.90

Best quality heavy sole leather carrying case with shoulder strap for
transits and levels, fitted over the regular polished wood carrying box.. 10.00

Needle.
Compass needle with cap and jewel bearing, magnetized and adjusted (sce
note No. 4)........... Cerereaann, N eeeae. veveee $500
Center pin with holder (adjusted for height) see note No. 4....vu....... 1.00

Compass glass for cover; clear, white French plate, ground, fitted, etc... 1.00

Leveling Head.

Complete with upper parallel plate and socket, four leveling screws with
nuts and dust guards. ‘I'wo fixed and one traveling lug; clamp screw,
half ball and shifting plate, ball and socket cup to hottom af leveline
screws. Lower parallel cap, with thread 1o attach to tripod head...,...

Sunshade for Transits and Levels........

ap for object glass.................00"
Cap for eye-piece, has movable shultcr................................ 1.7§
Screw for cross wire diaphragm..................................... .35
Cross wires (see note No, I)Page 'gz
Object glasses and eye-pieces (see note No. 2) i, ... Page 92
Screw for adjustable stadia slide. ......

Vernier Plate and Horizontal Limb.

Long upper clamp screw (German silver).............................. $1.25
Lower clamp screw to socket (brass) 85
Tangﬁnt screws, upper and lower plate and to telescope (see note No. 3),

eac
Ivory vernier reflector :g
Ivory reflector with holder 2.00
Frﬁnch plate glass covers to A. & B. verniers, beveled and fitted (see note

0. 5) i e

Telescope Axle.

Right and left clamp screws with washer and end guard screw, each com-
mation complete e T tetieiiiiiaiiiine.. $1.00

German silver strip spring (solidified by pressure) to vertical telescope
W@ngent ... e 75

Level Vials.

Plate lcvc_l vial, graduated and of proper sensitiveness.................. . $100
Mounted in its tube—when latter is forwarded, .. riieceieiiiiiiiiiii, LSO
Ielescopc- level vial, graduated and of proper sensitiveness.............. 5.00
Mounted in its tube (when latter is forwarded)............... 007" cesess 550
Telcscope'le\_!cl (Wye-Level) graduated and of proper sensitiveness...... .00

ounted in its tube (when latter is forwarded)................ . .. oo 6.50
Capstan headed adjusting nuts................. s .

late level post or Pins................

Miscellaneous.

Adjusting levers, cacll.. . $o.10
and magnifying glass for reading verniers............. et 1.00

}}’alcrproof bag to cover instrument......... ... e .75
ransit oil best quality—per bottle, . et Ceeenaes . o ‘so
Iuml)-lml)) (accurate) of brass with steel point (see test for plumb-b;‘)b, |
page 10) ...

e, Ceereiiiinea.. e . 250
Rol levclb(fnr v umbing rod or pole) see page 13.............. ciereiee. 500
Can ¢l hair brus,, for cleaning leuses, otc........... ... e, .. .50
Buciskin for lu-.ts ........ e . .35

Nurl»:.—-'l'l‘w :rigg-s o( above. parts and accessorics apply to Large, Inter-
med e and_ Sl Vransits, 18 fnch and 11 inch Wye-tevels, as labor and cost
o nuaterial is pi: ctically the same. .




PARCEL POST.

Notes to the Foregoing List of Parts and Accessories Supplied
by Parcel Post.

No. 1. Cross and stadia wires, owing to the different focal length of the
objective glasses and slightly varying magnifying power of the eye-picce, re-
quire special selection for each individual instrument. ‘T'hercfore it is impos-
sible to satisfactorily supply them without the telescope proper.

No. 2. Object glasses and eye-pieces cannot be supplied without the tele-
scope and when practical the entire instrument should be sent.

SOME OF THE QUESTIONS ASKED US—
AND THE ANSWERS OUR CUSTOMERS GIVE US.

“Can you read the time on a watch at one thousand feet with
your transit telescope?”

T

No. 3. Leveling and tangent screws can only be supplied to fit approxi-
mately without sending the instrument. The latter being of German silver and
of very fine thread is not interchangeable, but fitted to each individual instru-
ment. Whenever possible send us the accompanying frame with nut.  Should
the screw supplied fit too tightly, it can be eased up by moving in and out,
applying a small quantity of good oil during the operation. When done, clean
thoroughly with a feather and benzine, and then lubricate with a small guan-
tity of transit or clock oil. ‘The local watchmaker or optician should be able
to.dodthis. Use no emery on any parts, under any circumstances or it will be
ruined. :

No. 4. A compass needle properly made, lasts almost indefinitely. Needle
troubles usually are from three sources. First, loss of magnetism. Sccond, the
jewel bearing becomes rough and double centered from service. ‘This is cor-
rected by repolishing. Third, a quick moving evenly balanced needle is depend-
ent upon the minute sharpness of its pivot pin. By using the needle only when
it is absolutely required and exercising care in raising and lowering it slowly
onto the pivot pin, trouble from this source will be reduced to a minimum.

No. i In ordering vernier glass covers, forward us if practical the broken
parts to be replaced. Thesc vary slightly and if too large should be ground to
size by a local optician.

" L

“Do the two verniers of transit read precisely the same on the
opposite sides of instrument?” .

“Can as good leveling be done with the level on transit tele-
scope as with a regular Y level ?”

“Will transit stand banging around in country wagons on cor-
duroy roads, and keep in reasonable adjustment?”

“Can regular transit be used for accurate mining surveys as
well as for surface work?”

“How often must the levels and the cross-wires of telescope of
transit be adjusted?”

.. “How accurate is stadia-work as compared with work done
with a steel tape or chain?”

“How far can a transit rod be seen with your transit telescope
on a clear day?”

“Dust in this section of the country wears the leveling screws
and telescope slide awfully-——do your dust ghards prevent any wear
from this cause?” .

The above questions are frequently asked us—they can be best anawered by

- Engineers and ‘Surveyors who are using our instruments in the field—and we

therefore print from our correspondence such extracts as will best answer such
inquiries,

. Graduations of Transit.
Allen W. Haskell, C. and M. E., Birmingham, Ala,

“With the transit I turned go° from two measured sides of a rec-
tangle, and the cross-wires of telescope cut a rod at a distance of a
quarter of a mile.”

W. H. Pannebaker, C. E., Virgilina, Va,

“With trausit furnished me in December, 1890, have just in town
work run round a rectangle 1200 X 1800 ft., and missed my tack at
03

.
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04 QUESTIONS AND ANSWERS.

starting-point by 1-10 foot ; the measuring was done by rod, with level,
plumtl)-b'?b, and knife-edge. Have run round 9oo X 1200, and hit tack
exactly.

Alfred Dolge, Dolgeville, N. Y.

“With the transit you furnished me I have had a severe test of
the graduations_and_telescope, as follows: In laying out building lots

I had to stake out a straight line for about 7500 ft., on the last end
down a very steep bank, through a dense wood and swamp. Coming
out of the swamp, I had to make two separate offsets around farm-
buildings and back to the line. I had then to set off 900 ft. at right
angles, and run back parallel to the first line 3600 ft. over very broken
ground, past woods and through a cemetery, necessitating frequent off-
sets around shrubbery, and trees.”

E. J. McCaustland, U. S. Dep. Min. Sur., Salem, Oregon,

“With the transit I ran the exterior boundaries of a group of six-
teen placer claims in the Santiam mining district in Oregon, aggre-
gating about five miles of line and including thirty-four angles of vari-
ous degrees. The angles were repeated twelve times on all portions
of the plate; measurements were taken by steel tape on surface be-
tween tack points and reduced to the horizontal. Error in measure-
ment amounted to §1-100 of a foot, and in angles too small to be ap-
preciated.”

J. Kruttschnitt, Gen. Mgr. Southern Pacific Co., Houston, Texas.

“Pransits sent us December, 1890, and August, 1891, reached us in
good order and adjustment. The closest work we have done was the
location of the piers of the Pecos Viaduct in West Texas. Our assist-
ant engineer, Mr. Kendall, had to work from a base-line of about 600
it. in length at the bottom of a cafion some 300 ft. deep. This work
tested severely not only the horizontal graduation, but also the adjust-
ment in the vertical plane. The spans were 100 ft., made up of a
tower span of 35 ft. and 65 ft. girder. The highest towers were 321 ft.
from the bottom of the cafion to base of rail, and in no instance except
one was the error sufficiently great to prevent the girders being set
bodily on the top of the towers and the connecting-bolts entered with-
out chipping or reaming. In the one exception there was a variation
of three one-hundredths of a foot, which required slight adjustment 9‘
the bolt-holes. 'The cantilever span in this bridge is 185 ft., and the dif-
ference between the triangulated measurement and the actual measure-
ment by wooden rods after completion was less than twoone-hundredths
of a foot. No undue expense was incurred in making these measure-
ments, which speaks highly for the accuracy of the instruments used.
I may add that when we started the construction of the bridge our
resident engineer made requisition for a new transit, but in ordering
did not order the one he asked, but substituted your instrument for the

% AN ANTONIO RY.

nix

P ‘dge Co.




QUESTIONS AND ANSWERS. g 5

desircd one. It began its work, therefore, handicapped by the indi-
vidual preference of the engineer, yet before the work was completed I
was repeatedly told that the transit left nothing to be desired.”

(See cut of Pecos Viaduct.)

G. B. Zahwiser, C. L., Mercer, Pa.:

“I've been using transit on the C. and P. division of the Penna. Co.

lines west of Pittsburg. With the instrument had a siniple curve, 2300

ft. long, ‘check up”on P. T\ set from P. 1. within one-eighth of an inch

4 for alignment.”

D.W. Wellman, Asst. Eng. (U. S. Survey Missouri River), Waverly,

Missouri:

g “Major Chas. R. Suter, Corps of Engineers U. S. A., St. Louis, Mo.:

“Major: In compliance with the request made in your letter of the

g 1th ult, that I give my opinion of the Heller & Brightly instruments, I
§ would say, the assistants using the instruments on this work unani-
g mously agree that, all points considered, they are superior to any instru-
J ments they have ever used. The telescopes are extraordinarily good, the
§ graduations perfect, and the workmanship of such a quality that our
§ whole five instruments have remained up to this time in as perfect con-
y dition as when they were first tried.”

4 . L. Eustis, Asst. Eng. (U. S. Survey Miss. River), King’s Point,

above Vicksburg, Miss.:

“Three transits received. One severe test of transit was the placing
of a base-line on the Mississippi shore parallel with the base-line on

{ Louisiana shore. The river here is one mile wide, and a right angle was

wmed from the upper end of base-line of Louisiana shore and plug
centred on Mississippi side, where another right angle was turned, base-
line measured, and plug centred. On setting over this plug and again

§ wrning a right angle, the cross-wires cut the edge of an ordinary rod
4 held on lower end of base-line on Louisiana shore. These angles were -
§ "ot turned only from 0° to 9o°, but from any part of the circle.”

Range of Telescope.

' Iomes C. Long, Min. Eng., Connellsville, Pa, .

“The atmosphere is always smoky here in the coke region, and it

ispretty hard to get a fair day for a long sight, but with the telescope of
3 " transit I am able to recognize a man at a distance of three miles—
§ radily see a rod at ten miles also.”

8 W. H. Pannebaker, C. E., Virgilina, Va.

“With my trnsit telescope, on favorable day. hive been alile to
rtad maker’s nam: on windmill at 4 miles; can read time on watch at

¢ 100 feet when cler und sun shining on dial.”
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~-s. Weir Gilkeson, City Engincer, Dristol, Pa_ N

“With transit, a couple of weceks since, on preliminary street work, |
set a centred stone at a distance of 1800 feet.  On final street work, lag
week, 1 set a centred monument at a distance of 2600 feet ; and with the
two ends of this line established I am now engaged in fixing the inter-
mediate points of the cross-strects upon this line. This, in my experi-
ence, is a very long line for city final adjustment.”

Arthur E. Scamans, C. E,, Factoryville, Pa

. _“_With,the,transiLscutfmefimtl1e—springoffx—&)ofhavesctrods*(’maal—;’

rdds, half-inch diameter) accurately at a distance of one miile. .lnsu:u-
ment reached me in perfect order and adjustment, and has been in daily
use since.”

M. H. Walker, C. E., Green Bay, Wisconsin,

“The longest range I have had occasion to take with the transit
you sent me in 1890 was in July of this year. I was running a line be-
tween -two section corners 2 miles apart, and for 1Y% miles the ground
was rising. There was a 34-inch rod at my starting point (the sec.
corner), and I was at the 4 post, 1%2 miles S. from it, from which the
ground sloped both ways, and I had 14 mile farther to run. I took a
back-sight to my rod, 174 miles away, and bisected it with my vertical
wire as satisfactorily as if it had been only 300 feet.”

O. M. Hoge, City Engineer, Cambridge, Ohio.

“Just how far objects can be seen with my transit telescope I can-
not say, but I have read the time on an ordinary watch 1000 feet distant,
The hills here are very favorable for long sighting.”

Geo. B. Spangler, County Surveyor, Atchison, Kansas.

“Transit you sent in February reached me in perfect order and ad-
justment, and’is so yet, although in constant use. The telescope is a
very clear and powerful one, and 1 have been able to recognize a person
5% or 6 miles—of course by general appearance and movements in
walking.”

M. G. Lisher, City Enginecr, Vancouver, Washington,

“I have not yet found the limit to the range of my transit telescope,
as about 4000 feet is the greatest distance to which I have had occasion
to line a flag-pole. At that distance the flag was clear and distinct.
Another advantage it has over any other telescope I have ever used, and
that is, field work can be commenced carlier and continued later than
usual; for while there is light enough to read angles, there is light
enough to see the cross-wires and objects beyond.”

Alfred Gobalet, Civil Engineer, Salem, Oregon,

“While doing some work last May, directing the telescope on a
snow-covered mountain-side 30 miles distant, am certain that T could
have distinguished a man from any other object, as objects no larger
than a man were clearly defined.” :
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Wm. B. Hanlon, Chief Eng. C. L. and W. R. R., New Philadelphia,
Ohio,

“With my transit telescope I have read the tinte to a minute on a
town clock three and a half miles away.”

} 1.7. Treveres, Civil Engineer, Jacksonville, Florida :

“With my transit telescope I can clearly, without shimmering or

| blurring, see my aligning-pole one mile.”-

4 £ H. Stephens, Civil Engineer, Louisville, Kentucky :

: “I have had no difficulty at all in observing the movements of
§ Jupiter’s moons for several evenings in succession with myv transit tele-

swpe."

: W. F. McClure, Civil Engineer, Los Angeles, California ;

v “The first day I took the transit out I looked with great pleasure
at the snow on the pine branches in the mountains 25 miles from where

{4 Istood in a bevy of wild flowers, surrounded by orange-orchards.”

4]
o

{ 4 A Titsworth, Asst. Eng. U. S. Coast Survey, Hamburgh, N. J.:

, “In running a straight line from the Pochuck to the Blue Moun-

ains last week (running boundary line between New York and New
Jersey), when I reached the Bluye Mountains, to extend the line beyond
4 on the other side, 1 had for @ back sight five signals, all in a perfectly
straight line on the different hill-tops between, the most distant being on
the Pochuck, nine miles back.”

§ (. P. Burgwyn, U. S. Eng., Barge Dismal, off North Landing River,
: Dismal Swamp, Virginia:

“I have to distinguish the colors on the flags at long distances—

¥ sometimes over four miles; and as each flag has a particular number,

determined by its color, the magnificent power of the transit telescope I
am using on this particular work is of very great importance.”

Mining Transit,

, James C. Long, Mining Engineer, Connellsville, Pa.

“A great advantage I find in the telescope of the transit I purchased
fom you in March, 1891, is that in wine work it will collect enough

4 nys of light from an ordinary miner’s lamp, at a distance of four or five
§ hundred feet, to illuminate the cross-wires without the aid of an extra

ip for that purpose. The lettering between the cardinal points on the
§ fraduated horizontal plate is also an advantage over all transits I have

g 0, as it enables one to read the course direct from the plate, without

trouble of calculation.”
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Flat-Top Coal Land Asso., F. L. Paddock, Chief Eng., Bramwell, W,
Va. . .
“Transit has been used for both inside and outside work—a mine

survey of 70 stations checking to the minut’?, and an outside survey of

108 stations to within less than two minutes.

O. M. Hoge, City Engineer, Cambridge, Ohio.

“In-my-mine work,-some twelve months-ago-(with-the transit you

some two and a half years ago), I located an entry one-half mile
?g:l‘tgm\:here close work wag particularly desired on account of the
peculiarity of the land. A few weeks ago we sunk a shaft on the line
of the entry about 2000 feet from the opening, and after testing the
alignment it was found to be correct within less than an inch. This was
a severe test of the accuracy of the graduation of the horizontal limb,
as there were several angles in the entry which had to be made and re-
produced.”

Wm. B. Hanlon, Chief Engineer C. L. and W: R. R., New Philadelphia,
* Ohio: .

“My transit has been used in the mines a great deal, and of course
has lost some of its fine appearance, but its work is as accurate as ever.
It has the same good quality of holding all its adjustments as the other
two H. & B. transits I have used.” )

Chas. F. Hoffman, Mining Engineer, Virginia City, Nevada: .

“Am establishing the disputed boundary line between the Union
and Sierra Nevada mines above ground, as well as on the 1700, 2200
and 2300 feet levels. The transit is the best one I ever used.

Sutro Tunnel Surveying, ——, Nevada: ) )
“There has been recently completed a very important survey for the
north and south lateral branches of the Sutro Tunnel. The msgructlonz
to the engineer, Chas. . Hoffman, were to ascertain the bearings an
distances from a given point in the main Sutro Tunnel (about 1_9,;%?0
feet from its mouth) to a Sierra Nevada shaft, thence to a p.mntYmll e
Julia drift and near the Julia shaft to a point 80 feet east of the Ye 0\;
Jacket shaft, and thence to a point 200 feet west of the new Overl']m?ts
shaft He first had to ascertain the relative positions of all the sha ts
mentioned on the surface, thence to transfer a line underground ic:for:l
sponding to a given line on the surface, so as to be able to turn o A :d g
‘required angle underground. This work being one of great magmlJ ude,
and requiring more than ordinary accuracy, besides the country Citg
not only very rough, but obstructed by the buildings of Vlrl;(;mtan tl¥e'
he had to resort to triangulation and traverse, one as a chec uplodrills
other. The station points on the surface were marked by séee g
driven into the ground even with the surface and afterwa; covsur.
with a mound of rock, so they may be found and used for uw?:-es -
veys. The principal stations in the tunnel were marked by cen
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solid rock placed in the roof of the tunnel. The instrument used in
making this survey was a transit manufactured by Heller & Brightly in
Philadelphia.”—LEugin cering News.

I. Parke Channing, Mining Engineer, Iron Mountain, Mich.

“With the first transit sent me, in 1886, at Bessemer, Mich., when

kitf\vaskfoupyears~oltl.~l—laid-oura"full?tmlbcred, three-compartment in-
clined shaft from surface and from a level 200 ft. under ground. These
connected so close on pitch that there was no appreciable error, and the
centre lines from the top and bottom came out parallel, and only one
one-hundredth of a foot apart. Started from the surface of the new
shaft, ran 500 ft. in surface (three rights), down an underlay shaft 200
ft., 500 back through the level, with seven courses., Had to calculate
horizontal and vertical angles on every course. With the second transit
that you furnished me, July, 1890, at Ishpenning, Mich., for the East
New York Mining Co., I subdivided a section, read angles at the section
corners twelve times, and the survey closed within a very few seconds.
Took several sights of half a mile on this work; one of three-quarters.”

Permanency of Adjustments.

P. Julian Latham, C. E., Washington, D. C.

“The transit I got of you over a year ago I used on preliminary and
location in a railroad in the Adirondacks, where the country was very

rough, but both the cross-wires and levels are still in perfect adjust-
ment.”

J.C. Long, Min. Eng., Connellsville, Pa.
“The instrument has been used constantly for all kinds of work in

§ very rough country in the coke region, and all the adjustments are ex-
y cellent, the cross-wires especially.”

Allen I¥. Haskell, C. and M. E., Birmingham, Al
“Both transits (one in 1887, one in 1890) reached me in good

] adjustment, and I don’t recollect ever being called on to ad just either.

y policy is to let the adjusting screws alone if all is right.”

IRE Ricker, Gen. Supt. St. Louis I. M. and S. Railway, St. Louis.

“Transit you sent me last winter is yet in perfect adjustment, I

{ have tested its adjustments in every possible way, and I have not as yet

had occasion to change a single one of them.”

: W McCaustlani, U. S. Dep. Min. Sur., Salem, Oregon.

“The two insiruments (transit and level) sent e in the spring of

B 1888 rcached me i perfect adjustment in all parts, and are so yet.”

T
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C. Loomis Allen, C. L., Syracuse, N. Y.

“Transit reached me O. K., and shows no signs”of any adjust.
ments being the least out in seven months’ constant use.

Ira O. Baker, Prof. C. E., University of Illinois, Champaign, Ill.

‘Neither the cross-hairs nor levels of the transit bought by the Uni-

versity over two years ago have lost their adjustments, notwithstanding
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U. S. Licut House Boarp.
Heller & Brighily:

“The Transit of your make was used by me for the last three years
on work for the Light House Board, which took me to the Great Lakes
and along both sea coasts. Exposure to salt air did not affect the

clearness of the telescope, and it bears transportation and holds its ad-
justments excellently well. H. BAMBER,

PHILADELPHIA

it has been in constant use by the students.”

J. M. Bell, Civil Engineer, Indianapolis, Indiana, .
“My transit was received in perfect order and adjustment, and re-
mains so yet.”

Blair Burwell, Chief Eng. Florida Central Railroad, Jacksonville, Fla.

“Pransit received of you in 1891 came in good c?’ndition and ad-
justment ; have touched none of the adjustments since.

L. F. Prevost, C. E., Lima, Ohio.

“ int in the transit you sent me two years ago I desire to men-
tion. CI)!;:VI:? up the level of tglesco'pe for leveling; it can then be tume:i
in any direction without releveling. This speaks well for the mstg;‘q\en \
considéring the extreme sensitiveness of the large level. M”any icago
engineers have asked me very particularly about this point.

B. H, Tatem. Min, Dir. Bald Butte Mining Co., Helena, Montana.

i i ly fair
«“ st shipped me September, 1891, reached me in not only £;
but inTp?:fect ad?tlx)stment, arll)d I have not had to touch it for adjustn]g
since its receipt. I always test it before use, to satisfy myself as to i
correctness.”

0. M. Hoge, City Engineer, Cambridge, Ohio.

i d me in perfect
“Transit sent me two and a half years ago reache
order E:;d adjustment, and has been so ever since, although constantly

" inuse. Our country is quite hilly here, and in going to the mines and

country the transit is generally transported in a buggy. This of itself

is enough, over these rough hills and worse roads, to rack an instru-

ment to death.”

U. S. ENGINEER’S OFFICE,
MosiLE, Ala.

May. Wu. P. RosseLL,
Heller & Brightly:

i i i i Alabama),

“The new Transits (for improvement Tombigee River, :

are very satisfactory; tried them for adjustments and found t:‘he;?ns‘;:rd
rect. They reverse at 180 degrees at the long range of one

feet (1000 feet), something not always found.”

“Assistant Engineer U. S, L. H. Service:?
A. B. Gill, C. E., Berkeley, Virginia:

“When transit reached me, found it perfect adjustment, and it is so
yet. Although I had it in a boat and it rolled a number of times from
side to side, this rough treatment did not alter it in the least.”

l. Parke Channing, Mining Engineer, Michigan

“I took your transit last month to Mexico and back—5000 miles

on railroad, stage, and mule-back—and it never lost any of its adjust-
ments, not even the bubble-tubes,” .

L. V. Bergen, Mining Engineer, Tombstone, Arizona;

“Transit has been in constant use for over a year. It has been
packed on burros, jolted in a rough wagon, carried on horseback, been
exposed to rain, snow and hail, but not a single screw was ever touched
with the adjusting-pin, and all adjustments are still perfect.”

Wm. H. Lawton, Jr., Civil Engineer, Newport, R. I.:

“,Transit I purchased two years ago still remains in perfect adjust-
ment,”

3 Prof. A. J. DuBois, Sheffield Sc. School, Yale College, New Haven,

Conn. :
“The four transits and levels not only give satisfaction; they are

Y the best we have, and better than any I have seen by any other maker.”

l.Geo. Garneau, C. E., Quebec Water Works, Quebec, Canada

“Level reached me, after its long railroad journey, with none of its

adjustments in the least altered.”

1 John M. Walker, C. E. (Kansas City, F. S. and M. R. R.), West Plains,

issouri :
“With the transit have run about six hundred miles of line over

some of the roughest country of the Boston and Ozark Mountains of

fissouri and Arkansas. The instrument has been carried in heavy

@ Wagons over the same country in the box, and I never as yet had to
%uch the adjustments in any particular.”

——
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]
H. . N. Cole, Con. Ying., Yuscaran Mining Co., Yuscaran, Hon-
duras, Central America:

“All the adjustments of my transit were correct when I first used
it; and when the miles of rough travel it had gone through are taken
into account, the test was rather a severe one. I was cleven days going
from the coast to this place, with the transit shaken up and down on the

back of a mule.”

" Closé Leveling Work:
A. M. Bannister, Civil Engineer, Farwell, Mich.:

“I have just taken 40 miles of levels for the T. A. A. and M.R.R.
with my H. & B. Level, using an open-faced rod and reading my own
rod through the telescope. We ran three lines from Marion to Fal-
mouth, and I took bench-marks every 1500 ft. In some 18 miles of the
line we had to make a change of level fron,x’ the bottom of the rivers to
the tops of a rolling country of over 100 ft.

J. O. Dauvis, Civil Engineer, Houston, Texas: :
i i j line o
“With the level on my transit telescope I have just run a
levels six miles, closing on my starting B. M. with an error of one one-
hundredth of a foot.”

F. A. Camp, Eng. Tionesta Valley R. R., Sheffield, Pa.:

i i ’ without a

“With my Level I can read a painted rod ‘tc hundredths’ wi
target at a dis)t,ance of 1200 feet with ease, and did so several times ona
line of six miles and return, and checked up on first bench within one-

tenth.”

Wm. McC. Ransom, U. S. Civil Engineer, New London, Conn.:

“With my level T have run a distance of three r,l,miles between {wo
U. S. Coast Survey benches and checked up in .007.

Prof. John C. Branner, Indiana University, Bloomington, Ind.:

" “For nearly a year I have put the Level to the severest of tests.
The gzological ¥napg 1 am constructing of this region are bacs:ed lt\yglslt:
metrically upon the transcontinental level line of the U. S. l olzlisin el
vey. In carrying the levels of the Coast Survey from Mitc lel in the
state to Bloomington, a distance of 36 miles, the error was es; than
two inches. The same line, run with a level made by —— o ]
had an error in it of .14 feet,”

W. L. Eustis, Asst. Eng. (U. S. Survey Miss. River), King’s Point,
above Vicksburg, Miss.: N
“With the Level we located a bench-mark across the M15513§Lpsl:.

River—one mile sight. It was first seen that instrument was "111 ax g ™

ment, and numerous rods taken on bench across the river. b fhe'ﬁve

parts of instrument were thrown far out of adjustment, then by
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reversals, to kill all errors of adjustment and make, rods were again
taken on the same bench (in sets of five). The difference of tang.
lane, given by level in adj. and near reversals, was 0.00f of a foof.
his proved that there were no ‘instrumental errors, and the only
source of inaccuracy was in precisely setting a target at such a long
sight. These observations were taken at night in January, thermom-

eter being 15° below freezing, and also in June, at 87°, with the same
results.” : .

E. M. Capps; Civil Engineer;”San Diego, Cal:

“While making the surveys of the Massac Flume line in Lower
California, was reluctantly forced to use the level on my transit tele-
scope in the location of about three miles of the line, owing to damages

tomy Y level. On checking the work with a Y level I was surprised to
find an error of only one-tenth of a foot.”

A. Stierle, Asst. Eng., U. S. Eng. Office, Philada., Pa.:

“Mr. Cox, who uses your Level, has finished the line of levels
from League Island to Bridesburg (about 13 miles). He makes a dif-
ference of only .04 of a foot in the references of the two bench-marks
at the ends of the line, compared with the results obtained by the U. S.
Coast Survey a few years ago. Mr. Fillebrown, who ran over the same

line lafely with a Level made by ——, made the upper B. M. 134 tenths
lower.”

Leveling in 1824, and Leveling at the Present Time:

“In the annals of the State of Pennsylvania (Pennsylvania State
Improvements—main line) it is mentioned as a remarkable specimen of
unusually accurate leveling that in a circle of 12 miles that was leveled
the error was only one foot and two-tenths. This was in 1824. United
States engineers are engaged at present in running a line of levels be-
tween the Chesapeake and Delaware Bays for the purpose of determin-
ing the feasibility of a ship-canal. In testing new Leveling instruments
furnished by the United States for the work (Heller & Brightly make),
aline of test-levels was run of over 10 miles, and the difference of level
on the closing bench-mark was only five thousandths of a foot
(0.005).”—Engincering and Mining Journal.

Accuracy of Stadia Wires in Telescopes.

L. R. Harris, Civil Engineer, San Diego, Cal.:

“Have just completed a stadia survey and subdivision of 4800

acres, and the stadia work turned out very much more satisfactory than
the chaining.”

Donahlg W. Campbell, U. S. Eng., U. S. Survey Miss. River, Glasgow,
0.:

“Have closed an eleven-mile line round a bend of the river with an

error of only 37 feet lat. and 23 dep. stadia measurements, as compared
with the co-ordinates of our triangulation survey.”
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John S. Eastwood, Civil Engincer, Iresno, California:

i j iminary railroad line up a

il thlf t;?sﬁslct)nlu::l,ﬁc{}ési lt-ggkatl?g e:l:\n;{lcg gf intersectignt,) ngzﬁ-

i and.rorc {'istanze with stadia, levels by vertical angles an si:l ble

e bcarmg,;lt‘s and topography, all at one setting of the lfl;ll! I, and

e e b a?b ;f’four men besides myself. .meg to the Iel :\l/ee nz'ade
méhinZtti‘):;gnt, was enabled to make as rapid progress as 1 have

”
-__under similar_circumstances with twelve men.
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Value of Dust and Rain-Guards,

Geo. H. Lyman, C. E., Fort Smith, Arkansas,

“The dust-guards (on leveling and tangent scre
slide) have entirely prevented any trouble from dust.
as freely and truly as when I first got the transit frox

German Warner, C. E., Greenville, Ohio.
“Thanks to the dust-guards, the telescope slide, leveling screws,

ws and telescope
These parts work
n you, in 1884.”

A. A. Titsworth, Asst. Eng. U. S. Coast Survey, Hamburgh, N. J.:

: and New
“While running the boundary-line betwcen Nren‘:nt\s’or'l;‘he longest
ith H. & B. transit I used stadia measure At. one place on
Ty i nt I took during the survey was 1886 .feet.d_ ot of 41603
i Slgb tween the 23d and 24th mile-stoncs, In a distan h country
the line, ervc}'d by a series of stadia readings over a V?"Yt"oggemhs of s
feet, mt‘ia,S‘l‘ in t):-iangulating back, it agreed to within (;w_/ s O
A ]é(c:)l' We reduced all stadia readings to true rea mﬁesigan oy in
foot (4160). ding by cos® of the vertical arfgle. T have no e {hat
plying the rea %ou)éh and monotonous country, like the Th chaining
Song thatbm :-mentioned line, the stadia, as compareld wi ires. how-
?;or':.%éll:;abr?expeditious, conveni:l:nt and ac;::;rxg. telzszg%l::s an:e st
i nd your im ¢ »
the thing e 4 of wark.Thair defining power is excellent.
e

N. C.
eo. W. Roper, Supt., Roper, e
G “With the transit sent me four years ago IknLakl::alg?g(: !:;i?’o
stadia in telescope, and have done excellent work, eq

i i bridge, Ohio. .
. Hoge, City Engineer, Cam . . .
* L{'Thegstadia-wircs give good results, besides the quickness wi
which they can be used.” .

1i lis, Minn,
. W. Redfield, C. L., Minneapolis, . . e, o
i “I have meandered a lake on the ice, with 2o‘t)l?;£(:\otp ::-g(‘)‘rtslowet
d the space covered on a ten-foot rod b'y either P
::rz:) horizontal wires with perfect facility.

Wm. H. Lefingwell, U. S. Geol. Survey (Rocky Mountain Division),
m'Dct'wer, Colorado:

i i 1d weather
in the entire length. As the line was partly run in quite co §

* o o 4% mgan ) thc‘f’
d with snow some five and six fect deep (with 34 stations),
an

sult is much more satisfactory than could be expected.

| BN Lisher, City Engineer, Vancouver, Washington,

4 D W. Campbell, Asst. U. S. En

etc, on my transit (bought Nowv., ,1890,)ﬁworl¢smoothlyfand*&ruly—yet#——¥—

Geo. IV. Roper, Supt., Roper, N. C.
“The dust-guards are indispensable in this dusty section.”

Ino. M. Taylor, C. E., Idaho Falls, Idaho,

“Both transits (one in 1882, the other in 1890) reached me in ex-
cellent condition. This climate is extremely dry and dusty, but the
dust-guards have prevented all trouble from that source.”

L. F. Prevost, C, E., Lima, Ohio. .

“The transit sent me over two years ago reached me in good order
and adjustment, and, although used constantly since, remains so,
Would especially mention that the dust-guards protect the telescope,

leveling screws, etc., and I have never had the slightest trouble from
dust or dampness inside of telescope, and I have used it in some very
misty and wet weather.”

Arthur E. Seamans, C. E,, Factoryville, Pa.

“The various dust-guards on transit (sent spring of 1890) are just
the thing, and, since I know their value by experience, I would not have
an instrument without them.”

0. M. Hoge, City Engineer, Cambridge, Ohio, .

“The dust-guards on transit (sent Jan., 1890) are all 0. K. No ,
dust has troubled me. The compass needle is extremely sensitive yet, !
ad I frequently use it in land surveying with the best results.”

“The first work done with the transit and level took 35 days. On
¥ of these rain fell heavily, and the instruments were wet all the time,
but the telescope and verniers were perfectly clear all the time. No

oher make of instrument that I have used would have given satisfac-
tion under these conditions.”

g., U. S. Survey Miss. River, Leaven-
worth, Kansas:
“The transit kept its adjustment under very trying circumstances.
was frequently for hours exposed to a gale of wind near the cut edge
0[ ® sand-bar, when I would have to wait two, three and sometimes five
minutes, with my eyes shut, for a lull to take a sight, unable to see a
M2 100 fect distant, and with the sand pouring on my instrument like
1 sind-blast, | ut the centres, telescope, and screws were so well
we-ioied by th: dust-guards that when I last tcok the instrument to |

peces T could 1ot detect a scratch, and my las: day’s work was as
&lisfactory as the first.” S
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1. S. Eastwood, C. L., Fresno, California: o
“Your instruments are better adapted to California climate than
any other make, owing to the complete shielding from dust of all the

important part by ‘dust-guards.’”
F. S. Bowen, Asst. Eng. Union Pacific Railway, Soda Springs, Idaho:

“Transit received in perfect adjustment. The dust-guards to ley-
eling- and tangent-screws and telescope-slide are an absolute necessity

in this dusty country.”

W. L. Eustis, Asst. U. S. Eng., U. S. Survey Miss. River, King's Point,

above Vicksburg, Miss.:

“During windy weather the fine white sand came in clouds from
the sand-bars. The dust-guards to the telescope-slide, leveling-screws,
tangent-screws, etc., prevented any binding or wearing on these im-

portant parts.”
Accuracy of Compass-Needle,
E. J. McCaustland, U. S. Dep. Min. Sur., Salem, Oregon,

¢

“Compass-needle of my transit is still very sensitive, ar,l’d shows no
signs of sluggishness after almost five years' constant use.

James B. Gass, City Engineer, Fort Smith, Arkansas, - .
“The adjustments of transit hold splendidly, and the needle is as

sensitive as when first bought.”

J. H. Beach, Civil Engineer, Spencerville, Ohio. -
“Phe compass-needle of the transit was very sensitive when first
received, and the adjustments of instrument were all perfect. Needle

and adjustments still remain the same.”

W. R. Garrett, Civil Engineer, Beeville, Texas.

“Transit used a year; arrived in good order an
compass-needle is superior to anything I ever saw.
you charge to put a new needle and centre-pin on a

d adjustment. The
How much would
transit?”

Geo. H. Lyman, Civil Engineer, Fort Smith, Arkansas: .
“T'he compass-needle of transit has been used since 1884, and 11:
still as sensitive as when it came from the factory, and I do good wor

with it.”"
Safety of Packing in Transportation.

“Aifred Dolge, Dolgeville, New York. . ‘ .
“We live eight miles from the nearest railroad station, anc wbqnn

received the transit in the spring the roads wcre in a terrible condition,

and the instrument received very hard knocks in_transit over the roa

Adjustments were uninjured.”

I.B. Hogg, Civil Engineer, Port Townsend, Wash, .

QUESTIONS AND ANSWERS,
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Alfred Golalet, Civil Engineer, Salen, Oregon.

“The transit sent me Apri
: t sen pril, 1890, reached me in ver j
I.::l(:ltl' :lleld(; consulerm% (}lle long voy'age and the round)-,agggzl 3\’(21!1;15:(;
1 account of direct transportation having been j
) i ecn
the time by the flood, I think the packing was well gone." ierrupted at

W. L. Stellwag, Civil Engineer, Oakville, Missouri,

= _day_sxncerand{arryfitfover—very’rou’gix roads, and none of the adjust-

ments have altered in the least.”

M. G. Lisher, City Engineer, Vancouver, Washington.

ackin Id justi . Y t
Eingle gat‘;.?'u d justify any one in ordering them shipped by express at

DEPARTMENT OF THE INTERIOR,
Uf“ S. INDIAN SERrvICE.
Heller & Brightty: ARMINGTON, New Mexico, e
Received the new Transit and Level i
. vel in perfect ord i
8%1;1;@{“0{) 3:::; gtxrerétoyl-fotll.l]r l3undred miles. Apfter leavin;!;hiftl%;;tg;
. - the instruments traveled about sixt iles b
wagon, over rough roads, and in- an ordi frei on'at that,
without springs and heavil’ 1 sting relgh.t e Leval apat
t Yy loaded. On testing Transit and Le
unpacking, found that a/l the adjustments on both i e v aftgr
perfegt. The condition in which the inst ments reahen cis were “"”
long Journey speaks well for your sys?:mr%?;[;fk;:;? hed me after their
Supt. and S E. IC].)VINCENT,
upt. and Special Disbg. Agent
The above Transit and Level tr: i elow
2 [ é aveled 2404 mil
After leaving Philadelphia they made six chan‘tge‘?&s of gzsn's( s(et‘:'azzla:‘;;))‘

at the following places: At Pittsbur Pa.; Chi ; i
}' tion; Denver, Col. ; Salida, Col., and %ur:;;gg, ggfo, Hl.5 Pacific Junc-

Philadelphia to Pittsburg. ....
Pittsburg to Chicago................... 4

Chicago to Denver (via Pacific Junction) . 1020 “
Denver to Durango (via Salida)......" cees 502 ¢
Durango to Farmington (by wagon)....... “60 «

—

2404

cesecccsiiees 354 miles
“

€6 H
The three instruments (two transits and one level) purchased ot

d youin the last five years all reached me in good order and adjustment,”
. Geo. Bentley, Supt. Western Coal and Mining Co., McFerran, Colo, :

“Instrumen's recei ; . .
justment eceived after their long Journey in perfect order and
i

G

T S - el

=,
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B. M. Harrod, C. S. Eng. Office Board State Eng., New Orleans, La.:

i i i tire satisfaction. No
“Transit purchased for this office has given en
trouble with ig adjustments. We work much on top of leveess,t:;ﬁ:ozed
to high winds, and the instrument has been found to he very stable.

4. 5. G;ates, U. S. Dep. Sur., Spearfish, Dakota: '
“Transit and level reached me in good order and'perfect adjust-

cee River, Illinois:
Henry Custer, U. S. Eng. Camp, Kankakee Rlvc.r, .
‘?Level reached us nicely adjusted, and this adjustment has even
stood the test of peculiar adjustments which are not generally applied
to leveling instruments.”

John C. F. Randolph, Consulting Mining Engineer, New York. Ba-
topilas, State of Chihuahua, Mexico:

“Messrs. Heller & Brightly, Philada., Pa.: .
“Gentlemen: You had so little time td pack my transit and levfel

of your make that it will interest you to know that they have con:lefsa e

and sound through a most difficult journey. They were expresse ron‘;

New York to Sante I'é, and from theredwent 600 tlmles l()lyozzaggriix:ls
i i ihuahua, enduring on the road o

wagons without springs to Chi , en the road one serious
t. .From Chihuahua the transit was carrie

;?g{e :fp ?n Indian, and for lack of another Indian the level came on

mule-back. It pleases me to inform you that the instruments ?cre umn&

jured, but also not out of adjustm;:[nt. Yotu know how to pack a goo

i ' 11 as to make it. Yours, etc.

nstrument as well “J:mN C. F. RanpoLpn.”

James M. Hamilton, C. E., Upper Crossing, Price River, Utah:d o
i its j hiladelphia
“ t when unpacked here, after its journey from P
and it’s{‘r;?ls: o‘;, 100 mli)les over the roughest of mount?m roa;]is, :;::
found in good adjustment in all its parts; also the level; also the o
transit and level.’

Nathaniel Robbins, U. S. Dep. Sur., Cheyenne Nation, Indian Territory:

i i j from
“ it reached me at Hays City, after its long journey
Phila(;l;{;gg. r‘i tested all the adjustments by every test, :lm(ii i{(::;nc(:
them perfect. I then loaded it in]:o a freight w:agg:vin(cllol:l:uﬁi e
i ough roads, to this country, an ceks
gg?dmv:'l:rs'l’((a"ﬁ;rit, gnd to-day tested it again, and fopnq, all the adjust
ments as good as when it first came to me at Havs City.

Edmund Wilkes, U. S. Dep. Sur., Salt Lake City, Utah:

i i tains, but, thanks
“Transit has been turned over twice down mounta] h
to you'flgerfect arangement of box, it has kept all its adj 'ggtments.

—work, and_beginning at-a—

2 e . R

3

o
g e
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Bruce L. Meloy, Civil Engincer, Altoona, Pa. May 19, 191 5.

“Perhaps it would not be out of order for me to tell you at
this time of a few tests 1 have made of the accuracy of my H, & B.
Transit No. 62064. | recently ran a stadia line along the upper
course of the Juniata River on a topographical survey. The line
depended upon needle courses, stadia distances, vertical angles
and was run during the marshy spring weather.

“I kept my own notes, used an ordinary leveling rod for the

miles of line, some distances being only ten feet, some as great as
one thousand feet. The line was plotted on a scale of 1 inch to
200 feet, and on plotting the line clear around to the point of be-
ginning we checked up within 5/1000 of a foot for elevation and
plotted to the exact needlepoint for line.

“Another piece of stadia work on a smaller circuit, but plotted
on a scale of 1 inch to 10 feet, checked up perfect for buth eleva-
tion and line. .

“As to the power of the telescope, a little incident that hap-
pened recently might be of interest to you.

“At a military camp a detachment was sent to a mountain top
one and a half miles distant. I watched the “wig wag” signals
through my transit telescope and caught every letter.

“In ordinary field work T can depend on the results obtained
with this instrument and I cannot say the same of either of the
wo instruments made by other companies which I have used.”

John G. Gault, Assistant Highway Engineer, Middlesboro, Ky. August
3, 1915.
“Just a few words in regards to the instrument purchased from

1 you a few weeks past, to let you know that I have tried her out in

tvery respect and find her perfect—and the telescope can’t be beat.
I made one triangulation of over three miles—and could see my
rod as plain as at five hundred feet, or thirty—and if she fails to
check—I know it’s the man—not the instrument; in short it’s the
only transit I ever used and that covers several different makes.”

A. Langlois, Assistant Engincer, St. Lawrence River District, and in
charge of Rainy River Survey. Ottawa, Canada. Nov. 21, 1913.
“You are hereby authorized to go ahead with the repairs to

the transit No. 7602, I sent you some time ago. We want this

{ strument put in the very best of shape.

“About the standing of your instruments in this department,
Imust say that they are regarded by every one who has used them
bere, as being the most precise instrument made.

“Your transits have been used on the French River, which is
Part of the Georeian Bav Canal Survey, and the French River Sur-

§ vey was probably the closest ever made in North America.

“Your transits have been used here right along for the last
I§ years and are at present time used on surveys at Kingston,
Ont.. for the St. T.awrence River Channel, etc., and by myself on
the Rainy River Survey and T am pleased with the two T am using.”

point-we-made-a—circuit of about four——————
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Chas S. Hill, Civil Engincer, Palmetto, Florida. Jan. 26, 1915,

“Your level No. 8059 came to hand yesterday, thanks for your
promptness and to say the least, I am highly pleased with it.

*“1l have the contract to do the engineering on what 1s kno_wn
as the Gamble Creck Drains, comprising about twenty-two miles
of main drain and seven laterals, reclaiming about 30,000 acres of
land and I shall use your Transit No. 7978 and your Level No. 8059
to do the work with.

~___“I didn’t buy your instruments from_hearsay, or _upon_some
one else's recommendation, but because I have used them before
and always preferred them to any other make I have ever used.

“However, all engineers are not alike, for if they were, no one
else would be able to sell instruments but Heller & Brightly, and
that would create a monopoly.”

W. H. Newson Engineering Co., W. H. Newson, Wynne, Ark. April
, 1015. . ) )
21 hgavse one of your Complete Transits, made for me in 1904,
and it is as good to-day as ever, and we would not exchange it for
any new Transit of any make.”

. McC. Taylor, Civil Engineer, Red Bank, N. J. Aug. !6, 1915.
Geo \%ill ouy send me plgice of Transit Extension Tripod. The
number 02' the Transit is 4808. This Transit was purchased from
you by me in the spring of 1878 or 1879. It has thus been continu-
ously used for about 36 years, and is still as good and correct as
the best of new ones.”

To Coneges and Universities,

We make a specialty of furnishing field instruments (Transits,
Levels, etc.) for the purpose of instruction in Universities and Colleges.
Below is a list of Colleges to which we have furnished such field instru~
ments:

chnic College ....cocvvueererrieessesncesncens . Philadelphia, Pa.
&:rt;bia Colle, eg(School of Mines) «eess.o.New York City, N. Y.
Dartmouth College vovcivveeirniiiians eeosessess New Hampshire.
Princeton College ........ Ceveaseenns Sereseresseasen New J. clrs‘iy. P
University of Pennsylvania (Towne Scientific School) ..Philade ppxa, a.
Lafayette College ,.vveverecrssrsnccnconececsanenes ...Easton, Pa.

..Boston, Mass.

Massachusetts Institute of Technology..... *“New Haven. Conn.

Yale College (Sheffield Scientific School)..

i i Bethlehem, Pa.
high University ..ccceveeerrocerscsccacscncss .
Iﬂfainge State College . ............Orol:;o.. ﬁda"'}&m
Fiske University ....... . ++.Nashville, Tenn.

..'Tokio, Japan.
.. Pittsburg, Pa.
..Newark, Del.

Imperial College .......
Western University ....
Delaware State College ..

" ..College Hill, Mass.
Tuft's College ......o.cuunnen Col !
Pennsylvania State College ....... ..Penpsylvam\a,.
Washington and Lee University ...., seteceennanionnnn Lexineton, Va.
Indiana State University .....ccevveevciecccaseannes :Bldléna.

" Oregon State College....ovevereecsccosccresscrannses repon.

) Michigan State Mining School
@ Colorado State College .............

.§ Haverford College ..............
4 Cornell Universig0 ............
i llege

4 University of Iinois. ... ...

§ Delaware College ............

,. Alfred University ..........
i Oregqn Agricultural College ..
3 Washington and Jefferson College ...vvvvvvnrnnnnnnn. Washington, Pa,

COLLEGES AND UNIVERSITIES.

A California State College v..uvvvvvnovenennnn . « .. California.

University of Minnesota ...........o.ooononorn. ..+« Minnesota.

«++..Houghton, Mich,
.« .Colorado.
.'Tuscaloosa, Ala.

. Philadelphia, Pa.

. Philadelphia, Pa.
...lthaca, New York.
«..Dover, Del,

<« .. .Champaign, Il

University of Alabama ............
Philadelphia High School .........

Delaware State

111

....Newark, Delaware.
....Buffalo, N. Y.
..Jowa City, Iowa.
..Alfred, N. Y,
«+..Corvalles, Oregon,

New York State Normal School
University of Iowa ............

4q The Largest Colleée Order For Surveying Instruments Ever Given

in the United States,
Corumpia CoLrLece (ScHooL oF MIinges).

The new course of studies in the School of Mines of Columbia

| College (*New York City), as mapped out by the authorities, will re-
§ Wuire a accided increase in the number of field instruments as compared
3 vith those "ieretofore used. When fully organized, thirty-eight transits,
§ levels and planc-tables will be required, the cost for these three items
§ alone amounting: to over eighty-three hundred dollars. Messrs. Heller

& Brightly, of Thiladelphia, who furnished the field instruments for the

. bouisiapa State University .. .. .. Baton, Rouge, La.
« University of Illinois (Mining Engineering Dept.).....Urbana, 1lI.
4 Virginia Military Institute ......... ceeseesasaaJLexington, Va.
.4 Ohio Normal University ......... . cereeieees Ada, Olio.
& Colliery Engineer Sclicol of Mines................. ... Scranton, Pa.
4 Philadelphia Manual Training College................. Philadelphia, Pa,
3 State Normal School ...... ceeresenressse. West Chester, Pa.
{ University of Wisconsin o....uvuuueesnnnnnnnsnnsnnnnn Madison, Wis.
& University of Idaho .......ccoeveuvnunnnnnnnnniiiilt Moscow, Idaho.
4 Arkansas Industrial University . ceiiiesianeain..Fayetteville, Ark,
d University of Texas ..oovvvurennernnnnnonnnnnrnniin, Austin, Texas,
'd Adelphi Academy............. cererecans Chrereieens ...Brooklyn, N. Y,
4 Louisville High School........... Ceeerenene  tiseeaes Louisville, Ky.
i Pcnnsglvania State College (Dept. of Mining Eng'ng) . .Pennsylvania,
<Y Ohio State University ..........c.covveinnnnnnnranonns Columbus, Ohio.
4 John B. Stetson University .........uusonsnesnnnnnnns De Land, Florida.
Drexel Institute.......ooveurnnvenveeennnoooniis? Philadelphia, Pa.
Custer Institute ........ccvveeeennrnrrmmmnnnnn, . .Custer, Ohio.
Homestead College .........couvvnrvnernninoniil?™” Homestead, Pa.
State School of Mines.......ouvvevvnnnnnnvrromnnns Golden, Colorado.
University of Washington.,................. ... Seattle, Wash. :
4 Purdue University .......oovvvueveenvnnnnnnnniininn! Lafayette, Ind, ‘
Hamilton College ..........covviunennnnonooi 2t Clinton, N. Y, :
Vanderbilt University ...............oooooveoinniiit Nashville, Tenn.
Kansas State Agricuitural College .................... Manhattan, Kansas,
Armour Institute ...ooovvvviirneennrnnonononins Chicago, Il
Stanford University ............ ....9an Francisco, Cal.




CULLEGES AND UNIViRSITIES.

Universi i i tmouth College, the
University of Pennsylvania, Princeton College, Dar X
Universit{r of California, e{c., have also received the contract for fur-
nishing these instruments to Columbia College.

Engineer and Mining Journal, New York, | f
i i in this country for

One of the largest orders which has been given in >
surveying instruments was recently given by Columbia College, of this
city, to the well-known manufacturers, Messrs. Heller & Brightly, of

INFORMATION TO PURCHASERS.

As we have only one grade of goods, and one price, and never
deviate from cither, it is not absolutely necessary for parties to apply to

. hia.— The first_installment of_this order, consisting of eight
i fo!:'gggﬂg tatl'ansit and leveling instruments, four Y-levels and f?u;
plane-tables, has just been delivered. The requirement of the Schllqo 0
Mines, under the “new departure” inaugurated by Professors lrow(i
bridge and Monroe, will call for over three dozen transits, levels an

plane-tables.

c iversi inoi ign, Ill.:
. Baker, Prof. C. E., University of Illinois, Champaign,
fra O“Ne‘i’th‘; the cross-hairs nor levels of the transit bought by the
University over two years ago has lost its ad"!ustments, notwithstand-
ing it has been in constant use by the students. L o
Ira O. Baker, Prof. Civil Engineering.

{us-in person-for-the purpose of purchasing or selecting any of our in-
struments.

The modern system of Express Agencies is now so complete as to
have their agents at every important point in the United States and
British America, and these agents in their turn forwarding by stage,
etc,, to places where there is no Express agency. This Express system
renders it safer and more expeditious at the present day to send goods
one thousand miles than to have sent them thirty miles away twenty
years since.

As to the good condition and safety of the instruments that may
be transported by express, we pack in such a manner, and make such
provision for their safe transportation, that we guarantee the good con-
dition of the instruments on their arrival at their place of destination,

Prof. A. J. DuBois, Sheffield Scientific School, Yale College, New = 1§ after being forwarded by express; and hold the express company liable
Haven,.Conn.: : ) to us for all loss or damage that may be incurred on the way.
“The four transits and levels not only give satisfaction; they are It is perhaps unnecessary to say that we warrant the instruments, in
the best we have, and better than any I have seen by any other maker. J all their parts, to be made of good material and of good workmanship,
Prof. A. J. DuBors, Dept. Civil Engineering. and with no original defects.

In ordering instruments, all that is necessary is to write or tele-
graph to us the kind of instrument desired, and we will forward by Ex-

Texas.
as in some States there are several Express stations of the same name.
As there are three Chicagos, three Cincinnatis, six Philadelphias,
etc., in the United States, and each of them in a different State, it is best
to always do this, even if the articles are to be sent to a large city.

. S ington, Ill.: press (unless a different method be desired). In giving the address to
Prof ;‘Iohn C. Branner, II :luldnana :.t] l:;,‘;e;::,z’tomtﬁn;:;i:est of tests. The where the articles are to be forwarded, be carefu%lto give the County

Iforlnearlyi':l Y “Zonsf,.vuiﬁng of this region are based hypsometri- as well as the State, thus: Send “Cgmbined Transit and Leveling In-
geﬂlolglxcan Itrlllaep:‘rana::::]ontinental level line of the U. S. Coast Survey. In strument,” price ——, and the following extras, ——, ——, by express,
z:ry in%othe levels of the Coast Survey from Mitchell, in this St.atel,‘ to to Wm. Andrews, Civil Engineer,
Blorgmington. a distance of 36 mileg, ttl;e error \tyas lessht;l;l;l:\zl?rg:fine?i Linc(l:en, o

. . —of —, 5

g‘ihf :afg:ta.’l’me, run with a level made by Prof. Joun C. BRANNER. ass County,

Colliery Engineer, School of Mines, Scranton, Pa:: .
“’I%'rans!i;t of the Correspondence School of Mines proves very satis

i ts 0 .
factory, and does the same accurate work as tge 3218;( égflg:tm:;yice. Terms of payment are uniformly cash, and any of the following
our make that I have used. The fiuls;t guar :urate and the ncedle methods: can be adopted: Rex.mttmg to us a draft on any banker or
%‘he graduations of the horizontal ll"“ ’l?ren:i(t: we will certainly pur- broke- , iz this or any eastern city ; or a “post-office money order.” The
very senzntu?c. theltlhwe needo :nntzta :leer usr’? ::est m)ethod s, however, by the Express C. O. D. system (collect on de-
chase a duplicate of the one y © . Co. tvery). That is, the party ordering, paying the amount of our bill to
Rurus J. Fosrer, President Colliery Eng. the Express Agent on receipt of the goods.
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Although we have our own standard and approved patterns, if any
change in the style of the instrument, graduations, or numbering of the
degrees be desired, we can-do it.

Trial of Instruments Before Actual Purchase.

We judge from numerous letters received by us sinc‘e the knowl-
edge that we have increased the power of the ordinary T'elescope, has

~-— — ——been-made public, that a personal examination of-the Telescope-(and- -

instrument) before making a final purch.ase, would be more satisfac-
tory to parties who are but slightly acquamtefi .thh us and our reputa-
tion. We make to such the following proposition : On makxpg know.n
to us the kind of instrument they desire, we will forward it }o their
address by express; and we will direct the express agent on delivery of
the instrument to collect the amount of our bill, but instead of forvyard-
ing to us immediately as is usual, he will hold the money on deposit for
say four days, or until the purchaser shall have thprougllly tested the
instrument in the field. The purchaser can take the instrument and give
it an actual trial in the field (four days should be ample for this), and if
not found as represented, strictly first-class .in all parts, and perfectly
satisfactory in every respect, he may return it to the express agent b?‘
fore the expiration of the four days, and receive the money paid in
full and no sale. The express agent will then return the instrument
to us at our expense. If, however, the in§trument is not return.ed. to the
express agent within the four (lays., it will be presumed that it is per-
fectly satisfactory, and the agent will forward the money to us.

In sales of this sort, however, as in all other sales, our.ongmal war-
ranty holds good—i. e., that any time ?fter purchase if _any defect
appears after reasonable use, we agree either to replace with a perfect
instrument or to refund the purchase money,

How to Send Instruments For Repairs.

In sending instruments of our own, or any o'ther makes, to us for
repairs, it is only necessary to place them in their own boxes, ﬁll_the
box with some elastic material, such as paper, rags, etc. Plage this in a
packing box at least an inch larger in its diplension§ than the instrument
box, and fill the space between the two with shavings, straw, hay, etc.
Mark on the box simply Heller & Brightly, Mathematical Instrument
Makers, Philadelphia, Penna. Send it to us by express, and get at the
same time from the agent two reccipts ; keep one and forvya.rd the (!uph—
cate to us. Send by mail at the same time a letter to us giving tl}e items
as to what repairs are needed and the time when the instrument is again
required ; and place a duplicate of this lctter_ in the box with the mst(liu-
ment. If the Express charges to Philadelphia are prepaid by the sen f:lr
(which is optional), it will be so stated in the receipt before mentioned.

INFORMATION TO PURCHASERS. €

INFORMATION TO PURCHASERS. 115

Our charge for repairs can be paid by the Express Agent (C. O.
D.), on our returning the articles. Remember, however, always to send
the spindle (or ball and socket, if it be a Surveyor’s Compass) on which
the instrument turns, as it cannot be adjusted without; and a socket
must be improvised at additional cost to the owner, if it be not sent. If,
when the instrument is not of our make, it is required to be tested for
magnetic attraction, or defective graduation, the fact must be mentjoned
in the letter of advice to us.

AR

If the distan;:.elzenotioogreat,ibwould~alsofbebesttcrsenchxs*thl?—‘

tripod legs and head, as the legs are frequently loose in their cheeks,
and the iron shoes at their ends shaky and points worn off.

When instruments are sent to us to be repaired, we will, if re-
quested, test any steel tape or chain that may be forwarded with them
without extra charge, and give their difference in length as compared
with the true United States standard (see “straight line measure-
ments”), and the state of the thermometer at the time of trial. If, how-
ever, any repairing or adjusting of the chains, etc., be required, there
will be an extra charge.

We have been frequently asked, since we have increased the power
of our Telescopes, whether we could not place our new Telescope on in-
struments made by other firms. We have heretofore uniformly refused,
as our new Telescope is a distinguishing feature of our instruments as
compared with others. We have, however, reconsidered our determina-
tion, and will alter any Telescope to our new one; but in cases of this
sort we will engrave on the Telescope tube the name of our firm. In
altering the Telescope, all that will be necessary in a majority of the
cases will be to remove the old object glass and eye piece, insert new
ones, and to change the place of the cross wires.

What It Costs to Send a Transit or Leveling Instrument From Phil.
adelphia to Any Part of the United States or
Canadas or Vice Versa.

Parties from a distance frequently write us, “I have an instrument
that requires repairing ; about how much will be the express charges to
Philadelphia from this pPlace?” In order to give such parties an ap-
proximate idea of the cost of transportation, we give the following table
of charge upon fifty and twenty-five pounds of freight to Philadglphia
from one or more cities in each State. An engineer’s transit, such as is
made by regular makers (our own is somewhat lighter), with tripod
head and legs, packed for shipment in two strong packing boxes, these
boxes filled in with some elastic material, such as paper, shavings, etc.,

4 vill average fifty pounds; the tripod head and legs alone, also packed in
{ strong box, etc., will average from twenty to twenty-five pounds ; tripod

head, with leveling screws, etc. (but without the wooden legs), will
dverage six pounds. (See Table of Express Freight Charges.)
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From the table
transit in its box fro
moderate (being only in the neig
New York or Philadelphia) that
Instrument receives any injury a
send it to those who have all the
repairs and adjustments,

state that seven days only
Francisco to Philadelphia,
strument, as a general rul

adjustments made in six
surety of the repairing being pro

the low price

TABLE OF EXPRESS CHARGES FROM PHILADELPHIA TO ALL
PARTS OF THE UNITED STATES, OR VICE VERSA.

INFORMATION TO PURCHASERS.

given it will be scen that the cost of send
m any part of the United States or Canada
l}bqulnod of $1.30 from Kansas to
it is the best policy, if a valuable
nywhere in the United States, to
facilities for making
As to any extra delay
are needed to bring a transit from San
and that the most seriously injured in-
e, can_have all the necessary repairs-and
days. As an offset to this, there is the
L and in many instances
ing the facilities for quick
ess charges.

February 1, 1914,

ing the necessary
mcurred, we will

PRICIEE LIST,

HOW TO MAKE ONE DOLLAR DO THE WORK OF THREE,

Special Notice to Those Sending Transits, Levels, &c. of Any Make to Us
for Repairs.

After placing Instrument in its own case, put it in the packing box in
«thich it was first shipped. 1f this box is lost, put the case in any rough wooden
kox, and stuff paper or straw around between the two to keep them from
s king too much (your grocer will give you a soap or starch box for this
purpose if you have none.) ‘Tack on addressed tag on the top of the box, and
send to us, per express. The reason for placing in this rough outside box, is,
that if packed in this manner, the express company only charge one rate; if sent

perly done,
s charged by parties hav
work more than counterbalance the expr
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Surveyors’ Instruments (except tripods)
(not otherwise specified
Boxed at first class rate.
(not boxed) three times first class rate.

instruments, N. O. S,
in their own cases.
In their own cases
Effective Feb. 1,

92 2.70 || Vermont. ... ..
37 108 || Vieginia. ....
.00 5.90 || Washington. ..
.00 2,78 )

48 717 || Wisconsin. .. ..
80 1.25 || Wyominy. ....
CLASSIFICATION.

and engineering or other scientific
) must be refused unless boxed or

IARTIE " 7 TP T

only in its own casc (witliout the rough outside box), the €xpress company would
charize three rates, in other words, the shipment that would cost packed in a
rough hox, 80 cents freight. would cost $2.40 if sent only in its own case, although
it would travel as safcly one way as the other.

Heller & Brightly’s Steel Tape Measure (Standard).

These Tapes can be graduated by us in any manner that may be desired.
For bridge building, or city work, we generally imake them 300 feet long. The
first 200 fect graduated and numbered at every 10 feet distance; the next g feet
at every foot, and the last foot into 10ths, or even closer if preferred. For
Mine or Railroad work they are generally desired either 400 (a 400 foot Tape
weighs without handles 2}4 pounds), or 500 feet in length, and graduated in a
similar way to the above. We also furnish, if wanted, a “Clamping Handle,”
that can be attached to any portion of its length, in order that any measure
shorter than the whole length can be taken without unwinding the entire length
from the recl. (See account of a new measuring apparatus for straight lines,
age 30.)

P S?cel Tape (of any length that may be desired, from 100 to 1,000 feet), with
no joint from end to end. Lengths and graduations of precise U. S. standard

(guaranteed).
First 100 fel..c.vvrneereneeerroontsacsonssssasesorssncesssntncsoceneess $6.00
Every extra 100 feet......ovivieniennnnnnnns tesrsseriiessess 550

At the above price every 5o feet is marked and 'ﬁgured, but no reel nor
handles are furnished.

EXTRAS.

Every extra graduation and figuring, each.......covveuviiiviianiaoracaes $ .20
Large brass handles to unship, each......oivviiieiascecorecierossasssees 150
Reel, with handle and stop (1o wind up Tape)......cocciviiierenriieeee 3.50
Spring Balance, to use with above....ovvvneeiiieeeeiiiniiiiiereiieanns .gg
Clamping Handle ......... ..o iiiiiiiiieiiiiiiiciiieiiiiiinieeens L
Small Sleeve of brass. This sleeve is tinned iuside, in which the ends of
the tape when broken are slipped, and then soldered fast by merely
heating the cnds of the slecve with a hot poker..........c.oooviennt
Small brass clamp (to fasten on tape to mark any point which is to be
used several LIES) . c..veeerrieirerrosrantorsosrsrssssssnsssssoroonns 75
The cost of a 100 foot Tape, graduated and figured up to 9o fect at every 10
feet, the next g feet at every foot, and the last foot into 10ths, would be (witnout
reel or balance) :
Tape (graduated at every 50 feet) . ..cveeeeerererieceraunetcsnssesesss $0.00
24 extra graduati ms and figuring the same, at 20 cents cach.............. 480
Pair of brass hardles (to unship) . ...coiiiiiieriesieareecnsasrsssssssenses 300

—

$13.80

.10
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PRICE Lixae

Leveling Rods.

PRICE LIST,

Surveyor’s and Engineer’s Chains.

Self-reading (but with target) Philadelphia Leveling Rod............... $14.00 Surveyor's Chain, 2 poles, 50 links, No. 8, wirc oval rings, iron...... cees $270
New York Leveling Rod and Target. oo 14.00 “ : 4 “ 100 * g, wire round rings............. 3.50
Ranxmg poles for Transit, 8 feet long. . . 225 “ 4 * 100 * 8, wire oval rings.............. 4.00
L do 2, “ " “ t e, 4.50
- Barometer for T.cveling, Surveying or Reconnoissances, dial graduated to 5 “ : “ :gg “ 12', best steel wire, brazed links and
read from 8000 to 10,000 feet altitude—these barometers are carcfully FNES..ovviiiiann, 10.00
tested by us with a standard Barometer in the following manner. We “ 2 “ g0 “ 12, best steel wire, brazed links and
place. them under the receiver of an air pump, and as the air is exhausted FINES. coii i 5.50
(equivalent to ascending a mountain) the two dials must note the same Engineer's Chain, so feet 50 12, best steel wire, brazed links and
height ............... ... et erieeeiireea., ....from 25.00t0 3500 ' FINES. oenezeeenen. 6.00
-Metal “Aligning” or-RangingPoles. . rrrerrr . e E 6.25 “ 100 “ 100 ¥ 12, best steel wirc, brazed links and
These poles were designed by us for very accurate sighting in Tunnel En- R FINGS:ciereassncaneas 1100

gjneermg, and gave such good satisfaction that we have introduced them for close
city and other work. They consist of a heavy bronze tube 11-16ths of an inch
outer diameter and about 7 fect long, divided off into feet, which are painted
whnte.and red altel_'nately, with brass shoe and stcel point on one end, and on the
opposite end a drill for transferring centres into stone, etc.; and as the steel
points and the tube are turned in a lathe at the same time, absolute coincidence
between the rod and the points is had. The weight is about that of an eight-foot
wooden pole; they will stand a heavy blow without bending, and the cost is but
little more than for the inferior wooden ones,

Surveying Compasses.

As we make and test our ComQas;ses in a more accurate manner than ig
usual, we are compelled to charge a higher price than is asked for those made in
the o)rdir_lary manner. (For defects of ordinary Compass, see Surveyor’s Com-
pass. ’

20. Surveying Compass, 16 inch plate, 6 inch magnetic needle. Two
straight (ground) levels, outkecper for keeping tally in chaining;
sights graduated for the purpose of taking levels, or angles of eleva-
tion or depression; Ball and socket for Jacob Staff mounting ; Cover
to glags, and the whole instrument packed in mahogany box........ $56.00

21. Same instrument as No. 20. but with an extra Nonius plate, reading to
single minutes of arc, for adding or subtracting the magnetic vari-
ation R Y . 1"

22. Samq instrument as No. 20, but with 1§ inch plate and s34 inch mag-
netic needle ......cviiiiiiiiniinneenannn. e eseeiabtenenennecennns $2.00

23. Same instrument as No. 22, but with the extra nunius plate for the
Magnetic, Variation ......eeveeesisserennnnserneersneennnnnn, .oo $62.00
Light Tripod head and legs to fit any of the above conpasses 9.2§
Li%‘ht Tripod similar to the ones furnished with the Lngincer's

ransit or Level (see cut), combining the ball and socket for ap-
proximately rapid leveling, and the four vertical leveling screws
for the precise leveling of the instrument ;—Clamp to the centre... 18,00

24. Pocket Surveying Compass, 2% inch needle (sensitive) folding sights,
cover to dial and packed in morocco box..... Cereeesena, cerieieeas . 16.00

25. Similar to No. 24, but with ball and socket for Jacob Staff mountings.. 19.00

The metal of which all these Compasses arc made is very dense and hard,

and not the ordinary hammered yellow brass. .

Extra large size Transits, such as are used by the U. S. Coast Survey, with
horizontal limbs of from one to three fect diameter, and reading by microscopes
to seconds of arc, and furnished with powerful Telescopes, or ?or Astronomical

Transits—price list will be furnished on apolication.

.
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PRICE 1LIST.

ing Parallel Rule, ebony...........cvvvevnnvinnrnnnn. terenan Ceceeens
Eccentric Rule, 11 inches long.............. L eeees . 2
Parties wanting cases made up of these Instruments can sclect the pieces, b
the above list, that are best adapted to their purpose, and we will have boxes
made to suit, at an additional cost of from $7 to $15, according to the size of the
boxes, which are made of rosewood, mahogany or walnut, highly finished.

00
y

Paper Protractors.

Whole Circle Protractor, 13 inches diameter, half degrees, on drawing

Whole Circle Protractor, 13 inches diameter, half degrees, on Bristol

boards, each 40
Half Circle Protractor, § inches diameter, half degrees, on Bristol boards,

French Tracing Paper.
FINE QUALITY, VERY CLEAR‘AND STRONG.

In Sheets. Royal, 19x25 inches................ creene s+esess...perquire $1.00

" Super-Royal, 21x26 inches........... Cetertenecennns - 1.50

“ Double Elephant, 28x40 inches.........oooivvnnnnn.. 2.00

In Rolls, 20 yards long and 42 inches Wide. .......oooononnnon.. . .pe:"roll 290

“ 20 “ . 40 “ 3.50

Vegetable Royal, 19x25 inches, per quire $2.00, per sheet. ........... 15
a !

. Super-Royal, 21x26 inches, per quire 2.50, per sheet............ 40
“  Double Elephant, 28x40 inches, per quire $10.00, per sheet...... 65
“  in rolls of 22 yards, 54 inches wide, perrollcciieciiiiiinnina.. 500

Continuous or Rbll Profile Paper, in Continuous Rolls of
Any Length.

Plate A.—Rulings 22 in¢hes wide, Horizontal Divisions, four to the inch;
Vertical Divisions, twenty to the inch, and having every tenth horizontal
division line and every fifticth vertical division line heavier than the
others. Price, per yard............ seseeeies sestiiecetaiieieenes seeee $0.24

Plate B—Rulings 22 inches wide, Horizontal Divisions, four to the inch;
Vertical Divisions, thirty to the inch, and having every fourth horizontal
division line and every twenty-fifth vertical division line heavier than "
the others. Price, per yard........'............... ........ Ceereena

Plate B.—Rulings 9' ixl:ches wide, Horizontal Divisions, four to the inch;
Vertical Divisions, thirty to the inch, and having every fourth horizontal
division line and every twenty-fifth vertical division line heavier than
the others. Price, per yard.......e.vvivirerenrerennennsnesonnnnnons 15

Muslin Backed Roll Profile Paper.

Muslin Backed Roll Profile Paper, of either Plate A or B, 2z inches wide,

in rolls of 20 yards, per yard............. R R LT L E T TR TSR $0.60
M::nslgl? gagked I{oll Pr%ﬁley Paper, Plate B, 9 inches wide, in rolls of 20
YarAS, POT FaAPd. s suuiinenoeieeeeennsenonensesneeoneneeensnsesnnnsess

Plate B corresponds. to that in ‘sheets known as Brown’'s Profile Paper.

.

PRICE LIST.

Cross Section Papers,

aTopographical Paper, 14x17 inches, ruled 4oo fect to the inch, per sheet 12
Reents ..., e e ettt et ierae ey per quire  $1.00
yTrautwine's Cross Section and Diagram, 10 feet to inch, for cmbankments

Bound Profile Books.

These books are for field or office urposes, being printed on both sides, of a
gough, thick paper, and bound in ﬂexihl:z

fmge ‘contains a profile of three thousand feet in length, so that each folio will
‘gontain an average section of a road as usually laid out for construction. Rail-
joad and other ¢ngineers will find them very useful. . Size of book 7v4x5Y4
goches.  The rulings correspond to the large profile plates A and B.

covers convenient for the pocket. Each

Plate A, 25 leaves imita‘tion Turkey morocco, with elastic band.......... $1.75
“ s0 “ ' “ heieaiee. 22
“ !m a“ " [ 3.(3
:: 50 :: Turkey morocco, tur‘l‘led edges, with elastic band 6.00
1 ‘ “ 9.00
Plate B, 25 “ imit_a‘t‘ion Turkey morocco, “.r‘ith elastic band 1.75
“ 50 “ Turkey morocce, turned edges, with elastic band....... 6.00
“ 100 « “ “ Ceenn 9.00
Paper Protractors,
{¥hole Circle Protractor, 13 inches diameter, half degrees, on drawing
Paper each ........... et e et ettt s, . $0.30
Whole Circle Protractor, 13 inches diameter, half degrees, on Bristol
boards, each ............0.ooe..i;esien et eeiiaeiiaee v aran, 40

tractor, 5 inches diameter, half degrees, on Bristol boards,

R a5

4 of 14 and 24 fect, roadway, and for excavations of 18 and 28 feet, rulings N
4 19%4x12 inches, per sheet, 25 CeNS. oottt ittt e en e, per quire  5.00 !
4Cross Scction Papers, rulings 22x16 inches, 8 feet to inch, per sheet, 20c., !
PEF QUITC. .ot it er et eaneaas 3.50 |
JCross Section Papers, rulings 22x16 inches, 10 feet to inch, per sheet, 20c., ;
o oper quire. ... ... et e e raaa. Ct e tteseaaenn vt eeas 3.50 :
Cross-Section Papers, rulings 22x16 inches, 10 feet to inch, every Hifth line :
3 heavy, per sheet, 2oc., PCF QUITE. ..ot iitii it 3.75 ‘
¢JCross Scction Papers, rulings 22x16 inches, 16 feet to inch, per sheet, 20c,, ;
2 pcrqulrc.........................‘........... ............. teeseaan ese 375 ’
JAll the Profile and Cross Scction Papers can be furnished, printed with red or #
3 green lines,
Field Books, |
Alevel Book, 7x4 inches, made of superior drawing paper, per dozen....,. $6.00
4level Book, 6%4x4 inches, extra smooth paper, per dozen................ 4.50 i
‘yProfile Level Books, 7x4 inches, made of superior drawing paper, per dozen 7.50 ’
Alransit Books, 7x4 inches, made of superior drawing paper, per dozen. .. 6.00 j
{Transit Books, 6}4x4 inches, extra smooth paper, per dozen....,....... . 450 i
ARecord, 7V4x5 inches, made of superior writing paper, per dozen......... 9.00 ]
Jlross Section Books, 8 inches long by 7 wide, for Topography, per dozen 12.00 '
‘ !
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Drawing Stationery. Measuring Chains.

STEEL, U. S. STANDARD,
x' Steel W‘ G. 12, brass handles, oval rmgs, so feet, each

g ND COLD-PRESSED DRAWING PAPERS,
WHATMAN'’S HOT A Rty

o e ad gual SRR -
20x1 mches. ceersesanse per qﬂll‘t, hOS. e teeannnes 00 « “ 12, “ “ «“ “ 33 «“ (so Imks), eacll .... 350
lﬁeel;?;’m 22;: [; ............ “ 1400 c00cviennen 1.2§ “ " 12, ] “ o, «“ “ 66 “ ( 100 ) T 6. 50
Royal, 24qx19 “ ... . 180.........l. :gg " I C 4 brazed links and rings, 50 feet each. . 6.00
Super'-royal F72.3 7 TN . ' [« TN 2.60 :‘ :‘ 12, : “ B - h o 00
Imperial, 30x22 " Lo o d e ot R . ~—33““f( 50 links);
—Atlas, - 26x34 Ve e, N 400 3'80 each .............................................................. 5.50
Doutle Elephant 27%40 % onniniinin “ 2;&5) ............ 4~75 3 Steel, W . . G. la, brass handles, brazed links and rings, 66 feet (100 lmks).
i Y 2700000l : B S 10.00
Am‘w;;’fr:'ans pape?s:.x?\%t pressed, have smooth surfaces; cold pressed, have

fine grain surfaces. Best and second quality ‘of Whatman's papers are made of

STEEL, METER AND VARA.
the same materials; the best is free from spots and imperfections.

Steel W‘G 12, brass handles, oval nngs, 10 meters, each.......... veees $3.50
{3 TR

! . . .S
CONTINUOUS DRAWING PAPER. EXTRA WHITE. M o x:: . : . oa s GRS ggg
(In Rolls of 30 to 50 Pounds;i)$0 q $0.20 ;‘ :: 12, ““ -: brazed lmks and rmgs, 10 meters, each 5.50
. . . er pound $0.40, per yard.... $o. 12, . . 1o 8%
Ggrman ‘x:nake, gg mches“\mde. thin superior p ‘l‘) 45 .: e ;g . :: :: 12, c: “ :: “ «“ :¢ 20 :‘ e
“ . “« 45 ¢ ceen 12, s “ “ .“ . 25 « o 12.50
; 44: p g::gt. superior, ‘3 s L gﬂ “ “ :2' " « oval rings, 10 varas, each............... g.so
“ . ¢ . 45 veee S i I 0
:: g: “ g::::‘f; " 45 " 3? ‘: ‘: '2' ‘.' :‘ brazcd lmks nnd rmgs, 10 varas, each 5.50
t J Hadd “ . s “ e J ¢ ‘ « " 550
: # : :"::2"‘ - g° Y. 65 3 The vara chams are in Mexican varas (838 mum.). Chains in varas of other
Best qu shell, gg «“ mediilm, “ 50 “ PN Sg j standards furnished to order,
i “ o ceen 4
) - ’ i : IRON, U. S. STANDARD.
MUSLIN BACKED CONTINUOUS DRAWING PAPER EXTRA WHITE f lr‘t‘m, W.“G. g' brass han dles, 2 round rmgs, so feet each e $250
(In Rolls of 10 Yards.) “ & w2 - . o S
Best German Paper, 36 ifiches wide, per roll $7.50, per yard... R $cl>:5':g u “ g: “ “ : “ - gg ; gso lmks)), each.m ;gg
“ “ 58 “ “ xggo “ o 1.45 M . g. " " g sawed oval rmgs, so feet each.......... ggg
“ “ g « “ o « « T TR 3
CONTINUOQUS DRAWING g’é\:vl%’ll!Ngls)FF TINT, FOR WORKING " “ g y g : “ o gg fSO lmksg eash ::;?
t German Make, in Rolls of 30 to 40 Pounds.)
36 inches wldcf?re;:dmgi thickness, per pound $o. :g, per yard $0;§ ; .
56 (Best American Make, in Rolls of 70 to 100 Pounds) o
30 mches wide, tluck per Pound $012, per, yard. 10
) ﬁ . “ “ lz i tterirtentarerraasenans ;8,
“ “ “ i tetetesesanenesar e
5 Full rolls only of continuous paper sold by the pound at above rates.
TRACING OR VELLUM CLOTH. f
in Rolls of 24 yards, both sides glazedlor afakc: glazed and back dull, suitable for
encil mar
' Imperial, 18 inches wldc,pper‘roll $g ?3. per, yard $0-§g i
': ‘;g “ “ 900: i iieeerees gg p
“ 32 “ :: 12.10, :: .............. 2
Sagar’s Patent, 18 :: . g.?g. - frreneneesn 2
“ 30 : .10, . p
“ 6 - ‘ 0.00,
“ Zz «“ “ 1200, ¢ Cererecinenans 60 ‘

T T e e
.
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HELLER & BRIGHTLY, INC. [
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ENGINEER’S TRANSIT ]
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PRICE LIST
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Transit No. 4C with Full 360° V:rtical Circle and Guard ... 365.00

The above prices include, -Stadia Hairs Pixed, Ratio, 1:100,
Carrying Case, Split Leg Tripod al'nd the usual accessories.

Extras to the above instruments
Variation Plate for Magnetic Variation .................. $10.00
Extension Tripod .......ccuieiunineinnenenennnnnnnnns 5.00

(Price of addition%ll extras on request)

ENGINEERING SURVEYING MINING

INSTRUMENTS REPAIRED

We as manufacturers, have the necessary equipment and facilities
for making repairs to all makes of instruments, no matter what their
condition. We can also supply any broken or missing parts.

As our workmen are all experts in this line, we can turn out
work of the highest quality, promptly and at reasonable prices.

All work guaranteed.

We prepay return express charges on all instruments repaired
at our factory.

Instruments shipped should be plainly marked and addressed to
Heller & Brightly, Inc., 1124-26 Spring Garden Street, Phila., Pa.

Shipping tags for your convenience mailed upon request.

Place on file for future reference.
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Transit No. 4, Plain, with Clamp gand Tangent to Telescope. . . $310.00
Transit No. 4A with Long 7-inch Sensitive Level, Clamp and ,

Tangent to Telescope ....J.....covvniniineinan... 330.00

| Transit No. 4B with Half 180° Vertical Circle............ 355.00




